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A Maros folyó amellett, hogy közös örökségünk meghatározó termé-szeti és gazdasági kapocs Magyar-
ország és Románia között. A hozzá kap-
csolódó erőforrások: így maga a víz, a 
folyó által szállított nagy mennyiségű 
homokos hordalék, vagy a természeti és 
ökológiai szempontból kiemelkedően 
fontos élőhelyek hosszú távú fenntartása 
elemi érdekünk.
Ezen erőforrások rendelkezésre állá-
sát és minőségét azonban több tényező is 
veszélyezteti, melyek közül ki kell emelni 
a múltbeli és jelenlegi emberi beavatko-
zások, valamint a klímaváltozás rövid 
és hosszú távú hatásait. Kutatásainkat 
elsősorban a fenti problémakörök feltá-
rása motiválta és ezeket szem előtt tartva 
döntöttünk úgy, hogy a Magyarország- 
Románia Határon Átnyúló Együttmű-
ködési Program 2007–2013 keretében, a 
Szegedi Tudományegyetem és a Temes-
vári  Nyugati Egyetem természetföldrajzi 
tanszékeinek együttműködésével egysé-
ges és komplex vizsgálatot kezdeménye-
zünk a Maros síksági szakaszán. E vizs-
gálatok keretében elvégzett másfél éves 
munkánk összefoglalóját tartja kezében 
most az olvasó.
A kutatás elsősorban a Maros Lippa és 
Szeged közötti szakaszát érintette. Ennek 
oka egyrészt, hogy jellegét és fejlődését 
Előszó
Sipos György, Petru Urdea
Introducere
Sipos György, Petru Urdea
Râul Mureş este patrimoniul nostru comun şi reprezintă o puternică legătură naturală şi economică între 
Ungaria şi România. Sustenabilitatea 
pe termen lung a resurselor sale – apa 
în sine, cantitatea mare de sedimente 
transportate (nisip, pietriş) habitatele 
naturale de importanţă excepţională, 
datorită valorii biologice şi ecologice 
ridicate – constituie un interes elementar 
pentru cele două ţări.
Cu toate acestea, disponibilitatea şi 
calitatea acestor resurse este pusă în peri-
col de mai mulţi factori. Dintre aceste 
efecte de termen scurt şi lung, cele  cau-
zate de intervenţiile antropice din trecut 
şi prezent şi cele asociate schimbărilor 
climatice trebuie să fie bine subliniate. 
De aceea, cercetarea noastră a fost în pri-
mul rând motivată de investigarea pro-
blemelor esenţiale, probleme care au 
fost abordate prin iniţierea unei cerce-
tări transfrontaliere complexe şi unitare 
în secţiunea de câmpie a Mureşului, cu 
participarea a două colective de cerce-
tători de la Universitatea din Szeged şi 
Universitatea de Vest din Timişoara, în 
cadrul Programului de Cooperare Trans-
frontalieră Ungaria-România în perioada 
2007-2013. Cititorul are ocazia de ţine în 
mână un rezumat al rezultatelor obţinute 
pe durata unui an şi jumătate de cercetări. 
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tekintve ez az egység jól elkülönül a 
folyó felsőbb szakaszaitól, másrészt több 
más határmenti együttműködési projekt 
alapját is ez a terület képezi (ESHSE-
MCA, Eco-bridge, MARIVMICCOLL, 
MAROS-HABITAT, NATPARKSHURO). 
Bár törekedtünk arra, hogy minél telje-
sebb képet alkothassunk a Maros jövőjét 
meghatározó folyamatokról, földrajzos-
ként, illetve geomorfológusként azonban 
főként azokra a tényezőkre koncentrál-
tunk, melyek alapvetően a meder fejlődé-
sét befolyásolják. A meder változásainak 
nyomon követése azonban nemcsak a víz-
ügyi tervezés, de a hidrológiai, biológiai, 
vízminőséggel és gazdasági hasznosítás-
sal kapcsolatos kérdések és problémák 
szempontjából is fontosak. Úgy véljük, 
hogy a további határmenti együttműkö-
dés és a stratégiai tervezés megalapozásá-
hoz kiemelkedően fontos a Marost érintő 
változások és a társadalmi elvárások feltá-
rása és térképezése.
Mivel a projekt során fontos szempont 
volt, hogy tevékenységünket a Maros 
mentén élő helyi lakosok számára bemu-
tassuk, ezért az összefoglaló megírásakor 
törekedtünk arra, hogy az ne csak a szű-
kebben vett szakmai közönség számára 
készüljön, hanem lehetőleg a Maros iránt 
érdeklődő és elkötelezett helyiek és dön-
téshozók is haszonnal forgathassák, ezál-
tal is kicsit jobban megismerve a folyót 
és annak fejlődését. Ebből kifolyólag az 
egyes tanulmányok nem teljesen követik 
a tudományos publikációk megszokott 
tagolását és nyelvezetét. Mindamellett 
azért fontosnak tartottuk, hogy a kutatás 
módszereinek szakmai szempontból fon-
tos részleteit is ismertessük. Ezeket a sza-
kaszokat kisebb betűmérettel és egyhasá-
bos tördeléssel különítettük el. Emellett 
Cercetarea s-a concentrat în primul 
rând pe sectiunea Lipova-Szeged a Mure-
şului. Pe de o parte, pentru că în ceea ce 
priveşte caracterul şi evoluţia văii este o 
unitate de vale uniformă şi bine indivi-
dualizată şi, pe de altă parte, acest sec-
tor a fost cercetat de o serie de alte pro-
iecte transfrontaliere (ESHSE-MCA, 
Eco-bridge, MARIVMICCOLL, Maroš-
HABITAT, NATPARKSHURO).
Deși ne-am propus să oferim pe cât 
posibil o imagine cât mai completă a pro-
ceselor legate de râu, fiind geografi şi geo-
morfologi, în principal ne-am concentrat 
asupra factorilor care determină, în cea 
mai mare parte, evoluţia albiei râului în 
sine. Monitorizarea schimbărilor albiei 
poate fi importantă nu numai pentru pla-
nificarea resurselor de apă, ci şi pentru 
numeroasele întrebări şi probleme legate 
de specificul hidrologic, biologic, şi cali-
tatea apei, precum şi problemele econo-
mice. Presupunem că pentru aşezarea 
fundamentelor viitoarei cooperări trans-
frontaliere şi a strategiei planificării  regi-
onale, este important să explorăm ,,harta” 
schimbărilor care afectează râul, în raport 
cu aşteptările formulate de către comuni-
tăţile locale.
Ca şi în proiect, o problemă centrală a 
fost aceea de a introduce activităţile noas-
tre în mediul oamenilor care trăiesc de-a 
lungul Mureşului, astfel că  în prezenta-
rea noastră facem un rezumat al rezulta-
telor obţinute, într-un mod în care să fie 
uşor de înţeles nu numai pentru publicul 
profesionist, dar şi pentru acei localnici şi 
factorii de decizie care sunt interesaţi sau 
dedicaţi râului şi care-şi doresc să aibă 
o imagine a evoluţiei sale. Prin urmare, 
studiile nu cultivă exact limbajul clasic şi 
structura publicaţiilor ştiinţifice. Cu toate 
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az egyes tanulmányok végén, elsősorban a 
döntéshozókra gondolva, a kutatás során 
tett fontosabb megállapításainkat vázlat-
szerűen is egybegyűjtöttük, természete-
sen ezek a szakaszok is jól elkülönülnek a 
szöveg egészétől. 
A tanulmányokat magyar román és 
angol nyelven is elkészítettük. Az angol 
szöveg a kötet végén található a magyar-
román részben található ábrákra történő 
hivatkozásokkal. Az ábraaláírások ennek 
megfelelően háromnyelvűek.
Reméljük tehát, hogy a bemutatott 
anyag elnyeri a szakma és a laikusok tet-
szését egyaránt. Továbbá bízunk abban 
is, hogy a megkezdett kutatások folyta-
tásával hozzájárulhatunk a Maros fenn-
tartható vízgazdálkodásának megala-
pozásához, erőforrásainak hosszú távú 
megőrzéséhez és fejlesztéséhez.
Sipos György és Petru Urdea
Szeged–Temesvár
2012. szeptember 15.
acestea, am considerat că este important 
să se introducă detaliile profesionale ale 
cercetării şi, de asemenea, metodologia 
sa. Explicaţiile tehnice au fost separate de 
textul de bază prin utilizarea unui corp 
de literă mai mic şi pe  o singură coloană. 
În plus, la sfârşitul fiecărui capitol/stu-
diu, având în minte factorii de decizie, 
am subliniat cele mai importante conclu-
zii ale cercetării. Aceste secţiuni pot fi, 
de asemenea, bine diferenţiate de textul 
principal.
Studiile au fost redactate în  trei limbi 
(maghiară, română şi engleză). Textul în 
limba engleză este la sfârşitul volumului 
cu referiri la cifrele din limba maghiară 
şi română, în paralel. Ca o consecinţă, 
legendele figurilor sunt trilingve. În cele 
din urmă, sperăm că materialul prezentat 
va găsi atât aprobarea profesioniştilor, cât 
şi a non-profesioniştilor. În plus, noi cre-
dem că activitatea de cercetare iniţiată în 
cadrul proiectului va contribui la stabilirea 
fundamentelor unei gestionări durabile şi 
pentru păstrarea şi îmbunătăţirea resur-
selor cursului  Mureşului pe termen lung.





Ehelyütt szeretnénk megköszönni mind-
azon hallgatóknak, akik részt vettek a 
kutatás terepi és laboratóriumi munká-
lataiban, különösen az alábbiak segít-
ségére számíthattunk: Právetz Tamás, 
Tóth Orsolya, Cristian Ardelean, Fabian 
Timofte, Nagy Zoltán, Pálovits Gyula, 
Varga Sándor és Nagy Dóra. Köszönet 
illeti továbbá azokat a szociológus és 
földrajzos hallgatókat is, akik kérdezőbiz-
tosként segítették a szociológiai felmérés 
során Rácz Attila és Kicsiny László (EX-
ANTE 2002 Kft.) munkáját. A vízügyi 
felmérések koordinálásáért és lebonyolí-
tásáért Seres Tibornak, és Fiala Károlynak 
(ATI-VIZIG), a gamma-spektroszkópiás 
mérésekért Kovács Árpádnak (ÁNTSZ) 
tartozunk köszönettel. Végezetül szeret-
nénk megköszönni mindazoknak akik a 
projekt pénzügyeit menedzselték és ellen-
őrizték Szegeden, Temesváron, Békéscsa-
bán és Nagyváradon, ezzel is elősegítve a 
kutatás megvalósítását.
Mulţumiri
Am dori să adresăm mulţumiri tuturor 
studenţilor care au participat la activită-
ţile de teren, dar şi la munca de labora-
tor, dar în mod special lui Tamás Právetz, 
Orsolya Tóth, Cristian Ardelean, Fabian 
Timofte, Zoltán Nagy, Gyula Pálovits, 
Sándor Varga şi Dóra Nagy. Le suntem 
recunoscători şi studenţiilor atât soci-
ologi, cât şi geografi din cadrul ambe-
lor universităţi, care sub îndrumarea lui 
Attila Rácz şi László Kicsiny (EX-ANTE 
2002 Ltd.) au aplicat chestionarele socio-
logice. Ţinem să le mulţumim şi lui Tibor 
Seres şi Károly Fiala (ATI-VIZIG), care au 
coordonat activităţile de măsurători asu-
pra râului dar şi lui (ÁNTSZ) pentru fur-
nizarea datelor gamma-stereoscopice. În 
final dorim să le mulţumim tuturor cole-
gilor de la Szeged, Timişoara, Békéscsaba 
şi Oradea, care şi-au adus contribuţia la 
managementul financiar şi de control al 
proiectului, asigurând implementarea cu 
success a rezultatelor cercetării noastre.
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 Mind hossza, mind pedig a szállított víz mennyisége alapján a Maros a Dunát, a Tiszát és a Drávát köve-
tően a Kárpát-medence negyedik legje-
lentősebb vízfolyása. Hordalékkúpja a 
térség legnagyobb kiterjedésű földrajzi 
egységei közé tartozik. Nagy energiájú, 
gyorsan változó vízfolyás, így vizsgálata 
és a benne lejátszódó folyamatok megis-
merése összetett módszerek alkalmazását 
igényli.
Mielőtt nekivágnánk részletesebben is 
megismerni a Maros síksági szakaszának 
múltbeli, jelenlegi és várható fejlődését, 
fontos, hogy általános képet kapjunk víz-
gyűjtőjéről, a folyó hidrológiai sajátossá-
gairól, valamint az őt ért eddigi legfonto-
sabb emberi beavatkozásokról.
A Maros a Tisza legnagyobb mellék-
folyójaként az Erdélyi-medence vizeit 
gyűjti össze és vezeti le az Alföld irányába 
(1. ábra). Hossza 769 km, míg a Lippától 
Szegedig húzódó úgy nevezett síksági 
szakasza 175 km, ebből mintegy 22 km, 
Apátfalvától Nagylakig, a magyar-román 
határt alkotja további 125 km Románia, a 
fennmaradó 28 km pedig Magyarország 
területére esik
Î n cadrul Bazinului Carpatic bazinul hidrografic al Mureşului este al patru-lea bazin hidrografic din punct de 
vedere al suprafeței după Dunăre, Tisa şi 
Drava. Conul aluvionar al Mureşului se 
remarcă a fi  una din unităţile geografice 
cele mai întinse din regiune. Râul posedă 
o energie ridicată şi are o dinamică con-
siderabilă, ceea ce necesită îmbunătăţirea 
cunoaşterii proceselor responsabile din 
cadrul sistemului.
Înainte de a prezenta într-o manieră 
detaliată trecutul, prezentul şi evoluția 
preconizată a râului în sectorul inferior 
este important să surprindem, pe baza 
bibliografiei disponibile, cadrul general al 
bazinului, regimului hidrologic, precum 
şi cele mai importante activități antropice 
care afectează râul.
Râul Mureș este cel mai important 
tributar al Tisei. Acesta drenează Depre-
siunea Transilvaniei, îndreptându-se 
către Bazinul Panonic (Fig. 1). Măsoară 
769 km, în timp ce sectorul inferior de 
câmpie, cuprins între Lipova şi Szeged 
măsoară 175 km. Acesta formează graniţa 
dintre România şi Ungaria pe o distanță 
de 22 km, între Nădlac şi Apátfalva. 125 
km aparțin României, iar 28 km Ungariei.
A Maros
Petru Urdea, Sipos György,  
Kiss Tímea, Alexandru Onaca
Mureşul
Petru Urdea, Sipos György,  
Kiss Tímea, Alexandru Onaca
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A Maros vízgyűjtője
A folyó vízgyűjtője hozzávetőleg 30 000 km2 
kiterjedésű, ezzel a teljes Tisza vízgyűjtő 
közel ötödét adja. A Maros vízgyűjtő 
jenagyrészt (92%-ban) Románia területére 
esik, alakját tekintve két részre bontható 
(Laczay 1975). A felső, közelítőleg tég-
lalap alakú egység (250x100 km) Déváig 
tart, ezt követően egy hosszú, elnyúlt sza-
kasz következik (200x30 km) (2. ábra). 
A vízgyűjtő ezen sajátossága valamelyest 
csökkenti a hegyvidéki szakaszról érkező 
árvizek hevességét, mivel az árhullámok 
ellapulnak a jelentősebb mellékfolyó-
val nem rendelkező síksági szakaszon 
(Boga és Nováky 1986). Mindemellett a 
folyó vízhozama így is nagyon ingadozó.
Bazinul Mureşului
Suprafața bazinului Mureşului este de 
30 000 km2 și acoperă o cincime din bazi-
nul Tisei. Bazinul Mureşului este situat 
aproape exclusiv în România (92%), iar 
din punct de vedere al formei poate fi 
divizat în două părţi distincte (Laczay 
1975). Partea din amonte este rectan-
gulară (250x100 km), iar cea din aval de 
Deva este alungită (200x30 km) (Fig. 2). 
Această caracteristică morfografică are 
rolul de a tempera amplitudinea viituri-
lor iniţiate în spaţiul carpatic, amortizate 
mult de lipsa afluenţilor însemnaţi din 
sectorul de câmpie al Mureșului (Boga şi 
Nováky 1986). Chiar şi aşa debitul Mure-
şului prezintă fluctuaţii importante.
1. ábra: A Maros vízgyűjtő elhelyezkedése a Kárpát-medencében.
Fig.1: Localizarea bazinului hidrografic al Mureşului în cadrul Bazinului Carpatic.




























































































































A vízgyűjtő legmagasabb pontja a 2509 
m magas Peleága-csúcs (Retyezát), leg-
alacsonyabb pontja (81 m) pedig a tor-
kolatnál, Szeged mellett található (Boga 
és Nováky 1986). A Maros a Hagymás-
hegység nyugati lejtőin ered két forrásból 
Marosfő közelében 850, illetve 1350 m 
magasságban (2. ábra).
A forrástól a torkolatig a folyó esésvi-
szonyai alapján négy szakaszra osztható. 
A mintegy 110 km hosszú Felső-Maros 
először a Gyergyói-medencét szeli át 
(3/A és 3/B ábra), majd a Kelemen-hava-
sok és a Görgényi-havasok közt húzódó 
Maroshéviz–Déda-szoroson áttörve 
halad tovább (3/C ábra). Esése itt még 
igen nagy, átlagosan mintegy 370 cm/km 
(Török 1977). A vízgyűjtő ezen területe 
főként vulkáni kőzetekből épül fel.
A következő szakasz Déda és Gyula-
fehérvár között az úgy nevezett középső-
Maros, melynek hossza hozzávetőleg 
260 km. A folyó ezen a szakaszon az 
Erdélyi-Mezőség és a Görgényi-havasok 
előhegyei között (3/D ábra), majd pedig 
az Erdélyi-Mezőség és a Küküllő-hátság 
között tör előre esetenként 15 km-nél is 
szélesebb völgyében (3/E és 3/F ábra). 
A területet elsősorban üledékes kőzetek 
építik fel, a folyó átlagos esése 50 cm/km.
Cel mai înalt punct al bazinului este 
Vf. Peleaga – 2509 m (Munţii Retezat), 
în timp ce cea mai redusă altitudine, 81 
m,  se înregistrează la vărsarea în Tisa, în 
apropierea Szegedului (Boga şi Nováky 
1986). Cele două izvoare ale Mureşu-
lui sunt localizate pe versantul vestic al 
Munţilor Hăşmaş, în apropierea Izvorului 
Mureşului, între 850 şi 1350 m (Fig. 2).
În funcţie de unităţile de relief pe care 
le traversează Mureşul poate fi împăr-
ţit în patru mari sectoare. Primii 100 de 
km traversează Bazinul Giurgeului (Fig. 
3/A şi 3/B), iar apoi străpunge masele 
de roci vulcanice ale Munţilor Gurghiu 
şi Călimani prin defileul de la Topliţa–
Deda (Fig. 3/C). Acest sector superior 
se caracterizează prin declivitatea ridi-
cată din lungul cursului, de 370 cm/km 
(Török, 1977).
Următorul sector cuprins între Deda şi 
Alba Iulia denumit şi Mureşul de  Mijloc 
are o lungime de 260 km. Râul traversează 
Podişul Transilvaniei, mai exact zona 
dintre Câmpia Transilvaniei şi  Podişul 
 Târnavelor (Fig. 3/D). În acest sector 
albia majoră are o lăţime care ajunge până 
la 15 km (Fig 3/E şi 3/F). Acest sector este 
constituit în principal din roci sedimen-
tare, iar panta medie este de 50 cm/km.
u  3. ábra: A Maros útja a Gyergyói-medencétől a síksági szakaszig: A) a Gyergyói meden-
cébe lépve, B) Maroshévíz előtt, C) A Maroshévíz-Déda szorosban D) Déda alatt Magyarónál, E) 
Marosvásárhelynél, F) Nagyenyed alatt, G) Dévánál, illetve H) A zámi szorosból kilépve (forrás: 
www.panoramio.com).
u Fig. 3: Drumul Mureşului din Depresiunea Giurgeului până la vărsare: A) intrarea în Depresiunea 
Giurgeu, B) amonte de Topliţa, C) în defileul Topliţa-Deda, D) în aval de Deda la Aluniş, E) la Târgu 
Mureş, F) în aval de Aiud, G) la Deva, H) la ieşirea din defileul de la Zam (sursa: www.panoramio.com).
u Fig. 3: The course of Maros/Mureş from Giurgeu to the lowland section: A) entering the 
Giurgeu Basin, B) upstream of Topliţa, C) in the Topliţa-Deda gorge, D) downstream of Deda at 












Gyulafehérvár és Lippa között, az 
Erdélyi-szigethegység és a Déli-Kárpátok 
között található tektonikai vonal mentén, 
mintegy 225 km hosszan húzódik az ún. 
Alsó-Maros (3/G és 3/H ábra). Esése itt 
30 cm/km-re csökken. Végül következik 
a folyó 175 km-es síksági szakasza, mely 
Lippától a torkolatig terjed, ahol esése 20 
cm/km körül ingadozik. 
A mélyfúrások tanúbizonysága szerint 
a síksági szakasz által bejárt hatalmas hor-
dalékkúp a pliocén közepétől, hozzáve-
tőleg 3–3,5 millió éve épül (Borsy 1989). 
A negyedidőszak során az Ős-Maros 
gyakran változtatta futásirányát alsó sza-
kaszán és esetenként több száz méter vas-
tag üledéket halmozott fel az egyenetlenül 
süllyedő Dél-Alföldön. Az eljegesedési és 
felmelegedési periódusok alapvetően befo-
lyásolták a vízhozamot, valamint a horda-
lék mennyiségét és minőségét. A száraz, 
hideg glaciálisok során a kevesebb csa-
padék és a felerősödő kőzetaprózódás 
miatt alacsonyabb közepes vízhozam és 
durva hordalék jellemezte a folyót. Ezzel 
szemben a melegebb, nedvesebb inter gla-
ciálisok alatt a mállás lépett előtérbe és 
nagyobb vízhozamok mellett finomabb 
üledéket szállított a Maros (Andó 2002). 
A folyó nemcsak a pleisztocénben de az 
utóbbi 10000 évben a holocén során is 
dinamikusan fejlődött és váltogatta med-
rét. Mindennek emlékét a hordalékkú-
pon található elhagyott medrek sokasága 
őrzi (4. ábra).
Sectorul de 225 km dintre Alba Iulia 
şi Lipova, în lungul unei falii care separă 
Munţii Apuseni de Carpaţii Meridionali, 
reprezintă sectorul inferior al Mureşului 
(Fig 3/G şi 3/H). Panta scade la 30 cm/km 
în acest sector. Mureşul din zona de câm-
pie se desfăşoară între Lipova şi vărsare şi 
are o pantă de 20 cm/km.
Pe baza analizei sedimentelor Mureşul 
a început să-şi construiască conul aluvi-
onar în urmă cu 3–3.5 milioane de ani în 
urmă (Borsy 1989). Pe durata Cuaternaru-
lui aşa-numitul Mureş Vechi şi-a schimbat 
direcţia frecvent și a depozitat câteva sute 
de metri de sedimente în spaţiul neuni-
form scufundat din sudul Marii Câmpii 
Panonice. Alternarea fazelor glaciare cu 
cele interglaciare a determinat o scurgere 
diferenţiată şi o cantitate respectiv o tipo-
logie variabilă de sedimente transportate 
de către râu. Pe durata perioadelor reci 
şi uscate din timpul fazelor glaciare scur-
gerea lichidă era redusă, iar sedimentele 
transportate grosiere datorită cantităţilor 
reduse de precipitaţii şi a alterării fizice 
intense. În perioadele calde şi umede, în 
schimb, în care alterarea chimică a fost 
favorizată, mari cantităţi de sedimente au 
fost transportate de către un Mureş, având 
debite foarte mari (Andó 2002). Râul a avut 
o dinamică însemnată în  Pleistocen, dar în 
special în ultimii 10000 de ani, schimbările 
intense suferite fiind reflectate de numărul 
mare de paleoalbii abandonate (Fig. 4).
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4. ábra: Elhagyott Maros medrek sokasága Nagyszentmiklós környékén.
Fig. 4: Canale abandonate de către Mureş în apropiere de Sânnicolau Mare.
Fig. 4: Abandoned Maros/Mureş channels near Sannicolau Mare.
A folyó hidrológiai  
sajátosságai
A Maros és mellékfolyói szinte kizárólag 
a csapadék felszíni lefolyásából táplálkoz-
nak (Ujvári 1972). A vízgyűjtő földtani 
sajátosságaiból adódóan (vulkáni és kris-
tályos kőzetek) és a meredek lejtésű terü-
letek nagy aránya miatt az árhullámok 
kialakulása viszonylag gyors. Bár a folyó 
hevessége a síksági szakaszon mérséklő-
dik, 500 kisebb-nagyobb árhullám adatai 
alapján Makónál így is átlagosan mind-
össze 10 nap telik el az áradás kezdete és 
a csúcs vízhozam megérkezése között, 
és a víz levonulása is hasonlóan gyors. 
Hosszabb ideig tartó elöntések elsősor-
ban Makó alatt, a Tisza visszaduzzasztó 
hatása miatt jelent kezhetnek.
Caracteristicile  
hidrologice ale râului
Mureşul şi afluenţii săi sunt alimentaţi în 
principal din precipitaţii şi scurgerea de 
suprafaţă (Ujvári 1972). Datorită geolo-
giei bazinului (o mare frecvenţă a rocilor 
vulcanice şi cristaline) şi a proporţiei ridi-
cate a suprafeţelor cu înclinare ridicată, 
inundaţiile se propagă cu repeziciune 
şi au o durată redusă. Pe baza analizei a 
circa 500 de valori extreme de scurgere 
au fost înregsitrate în numai 10 zile la 
Makó, trecerea valului de viitură fiind 
foarte rapidă. Inundaţiile îndelungate pot 
fi observate în aval de Makó datorită efec-
tului de remuu al Tisei.
Începând cu jumătatea a doua a seco-
lului XIX măsurătorile hidrologice s-au 
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A 19. század második felétől kezdve a 
hidrológiai célzatú mérések rendsze-
resnek tekinthetők a Maros esetében. 
A napi vízállás rögzítésére szolgáló makói 
és aradi vízmércéket például az 1870-es 
években telepítették (5. ábra). A vízállást 
a mérce „0” pontjától mérik. Ezt a pontot 
az akkoriban tapasztalt legalacsonyabb 
vízálláshoz igazították. Később a folyó 
bevágódása miatt a kisvizek szintje jelen-
tősen csökkeni kezdett, így negatív érté-
kek is megjelentek az adatsorokban.
efectuat neîntrerupt în cazul Mureşu-
lui. Spre exemplu măsurători zilnice la 
stațiile Arad şi Makó se efectuează din 
1870 (Fig. 5). Măsurătorile de nivel sunt 
efectuate luând ca reper poziţia 0 de 
pe rigla hidrologică. Acest nivel a fost 
ales ca fiind cel mai scăzut din timpul 
observațiilor dinaintea începerii moni-
torizării. Mai târziu datorită retragerii 
apelor, în urma inciziei râului au apă-
rut, de asemnea, în înregistrări, valori 
n egative.
5. ábra: A Makói vízmérce, illetve egy átlagos 
hidrológiai év az egyes napokra vonatkozó 50 
éves átlag vízállásokkal, valamint számított víz-
hozam értékekkel.
Fig. 5: Rigla hdrologică de la Makó şi nivelul 
mediu al apelor, respectiv debitele medii repre-
zentate pentru un an hidrologică pe baza a 50 de 
ani de măsurători zilnice.
Fig. 5: The Makó fluvio-meter, and an average 
hydrological year based on 50 year water stage 
averages for each day and calculated discharge 
values.
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Évente két jelentősebb árhullám alakul-
hat ki a folyón. Az első a tavaszi hóolva-
dáshoz, a második a kora nyári csapa-
dékosabb időjáráshoz köthető. Boga és 
Nováky (1986) számításai alapján a maxi-
mális vízszállítás Áprilisban jellemző (az 
éves vízmennyiség 15%-a). A mérések 
kezdete óta az eddig tapasztalt legna-
gyobb árhullám 1970-ben volt. Az árvíz 
csúcsán Aradnál 2210 m3, Makónál 2420 
m3 vizet szállított a folyó másodpercen-
ként. Az árvíz komoly problémákat oko-
zott az egész folyó mentén. Kialakulásá-
hoz a hegyvidéki vízgyűjtőn jelentkező 
intenzív tavaszi esőzés vezetett, mely a 
viszonylag jelentős hókészlet olvadásával 
egyidejűleg hatalmas árhullámokat indí-
tott el (Lucaciu 2006). 1970 után az alábbi 
években voltak még jelentősebb árvizek: 
1974, 1975, 1981, 1998, 2000, 2006. Így az 
árvízi események visszatérési ideje 5–15 
év volt az utóbbi 40 éves időszakban.
Az április és június között jelentkező 
áradásokat követően az év további részét 
alacsony vízállások jellemzik (6. ábra). Az 
ún. kisvizes időszakok általában 10 hóna-
pig tartanak, a legkisebb vízszállítás októ-
berben jelentkezik (Boga és Nováky 1986). 
Az eddig mért legalacsonyabb vízállások 
a folyón 2012 szeptemberében jelentkeze-
tek: Makónál -109 cm ami hozzávetőleg 
30 m3/s vízhozamnak felel meg. Az utóbbi 
20 évben megfigyelhető extrém kisvi-
zek részben klimatikus okokra, részben a 
részvízgyűjtőkön megnövekvő víztározó 
kapacitásokra vezethető vissza (Konecsny 
és Bálint 2009). Újabban a bevágódásnak 
szintén lehet hatása a vízállások csök-
kenésére, igaz, több mint 100 kisvizes 
keresztszelvény adatai alapján az 1987–
2004 időszakban a folyamat nem volt 
egyértelműen kimutatható (Sipos 2006).
Anual au loc două perioade cu ape mari. 
Prima este în urma topirilor zăpezii şi are 
loc la începutul primăverii, iar a doua se 
instalează de obicei în iunie și este dato-
rată ploilor bogate. Boga şi Nováky (1986) 
au stabilit că cea mai mare cantitate de 
apă scursă este în aprilie (15% din cantita-
tea totală de apă). Cea mai mare inundație 
înregistrată s-a produs în 1970 având un 
debit maxim de 2210 şi 2420 m3/s la Arad 
respectiv Makó. Inundaţia a cauzat pro-
bleme severe pe lungimea întregului râu. 
Dezvoltarea acestuia a fost datorată plo-
ilor torenţiale de primăvară din bazinele 
hidrografice montane, care au condus la 
topirea simultană a zăpezii și la sporirea 
debitelor afluenţilor Mureşului (Lucaciu 
2006). Inundaţii importante au avut loc 
în 1970, 1974, 1975, 1981, 1998, 2000 și 
2006, astfel că ocurenţa evenimentelor 
majore este de 5–15 ani.
În afara intervalului aprilie-iunie, 
restul anului este caracterizat de nivele 
scăzute (Fig. 6). Aşa-numita perioadă cu 
ape mici durează aproximativ 10 luni, 
începând în iunie şi terminându-se în 
martie, cu un minim absolut în octom-
brie (Boga şi Nováky 1986). Cel mai redus 
nivel înregistrat a fost observat în sep-
tembrie 2012, şi anume 109 cm la Makó, 
în condiţiile unui debit de 30 m3/s. Ten-
dinţa de scădere a valorilor în ultimii 20 
de ani se datorează schimbărilor clima-
tice şi a capacităţii ridicate de colectare 
a lacurilor de retenţie de pe afluenţii din 
zona montană (Konecsny şi Bálint 2009). 
Incizia poate avea efect şi asupra scăderii 
nivelelor, deşi pe durata a 100 de profile 
batimetrice transversale realizate la Makó 
între 1987 și 2004 nu au fost sesizate 
schimbări majore la nivelul patului albiei 
(Sipos 2006).
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Más vízfolyásokkal összehasonlítva a 
Maros igen nagy mennyiségű hordalé-
kot szállít. A lebegtetett hordalék átlagos 
hozama Deszknél 263 kg/s, azaz mint-
egy 8.300.000 t/év. Eközben a görgetett 
hordalék mennyisége ugyanitt 0,9 kg/s 
ami 28.000 t éves hozamnak felel meg 
În comparaţie cu alte râuri din regiune, 
Mureşul transportă o cantitată uriaşă de 
sedimente. Debitul solid mediu în sus-
pensie este de 263 kg/s (8.300.000 t/an). În 
același timp volumul materialelor trans-
portate la nivelul patului albiei este de 
0,9 kg/s (28.000 t/an) (Bogárdi 1974). 
6. ábra: A Maros 
apátfalvi szakasza 
áradás és kisvíz 
idején.
Fig. 6: Secţiunea 
Mureşului la 
Apátfalva în timpul 
perioadei cu viiturii şi 
la ape mici.
Fig.6: The Apátfalva 
section of the Maros/
Mureş during flood 
and at low water.
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7. ábra: A folyó görgetett hordaléka Ópálosnál. A nagy mennyiségű hordalék dűnék, zátonyok 
formájában szállítódik (Magyarcsanád).
Fig. 7: Sedimente transpotate de Mureş la Păuliş. Dinamica acestora în cadrul canalului se 
realizează prin intermediul dunelor şi a barelor (Cenadul Unguresc).
Fig. 7: The bedload of the river at Pauliş. Sediment is moving in the channel in the form of dunes 
and bars (Magyarcsanád).
(Bogárdi 1974). Ez azt jelenti, hogy a folyó 
lebegtetett hordalékhozama vetekszik a 
Tisza Maros-torkolat feletti értékeivel, 
míg a görgetett hordalékszállítás a Duna 
nagymarosi adataival (7. ábra).
Cantitatea anuală de sedimente transpor-
tate în suspensie este aproape egală cu cea 
a Tisei, în amonte de confluenţa cu Mure-
şul, în timp ce cantitatea transportată la 
nivelul patului albiei este comparabilă cu 
a Dunării la Nagymaros (Fig. 7).
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Emberi beavatkozások
A Maroson síksági szakaszán történt 
emberi beavatkozások közül kétségtele-
nül a 19. századi szabályozások voltak a 
legjelentősebbek. A Maros mindig is az 
egyik legfontosabb kereskedelmi és kul-
turális kapocs volt Erdély és az Alföld 
között. Mindamellett hirtelen kialakuló 
és romboló áradásai, valamint intenzív 
kanyarulatfejlődése miatt a települések 
és a termőföld védelme érdekében idő-
vel szükségessé vált átfogó szabályozása. 
A munkálatokat a 19. század közepétől 
fokozatosan, a kor legkorszerűbb szabá-
lyozási alapelveinek megfelelően kezdték 
el, s csak a történelem viharai miatt nem 
fejezték be. 
Természetes állapotában az Alföld 
többi folyójához hasonlóan a Maros is 
igen kiterjedt, folyóágak sokaságával 
átszőtt láp és mocsárvilágot táplált, ame-
lyet évről évre árvizeivel borított el (Tóth 
1993, 2000, Somogyi 2000, Ihrig 1973). 
Az alföldi területek elvadultsága fokozó-
dott a török hódoltság alatt, a korábban 
művelt földeket az emberek hátrahagyták 
és a települések nagy része is elpusztult 
(Tóth 1993, Somogyi 2000). Ilyen körül-
mények között a hajózás és a vizek gazda-
sági használata sem fejlődhetett (Laczay 
1975).
A török kivonulása után a 18. század 
közepére indult meg újra az élet a folyó 
mentén (Tóth 1993, 2000, Andó 2002). 
A népesség ebben az időszakban elsősor-
ban a mocsaras, vízjárta terület haszno-
sításából (állattartás, fakitermelés, halá-
szat, pákászat) tartotta el magát. Emellett 
egyre jelentősebbé vált az Erdélyből 
történő só- és faanyagszállítás is. Idővel 
Impactul uman
În urma intervenţiilor umane în secţi-
unea joasă a Mureșului, în mod inevita-
bil lucrările de regularizare din secolul 
al XIX-lea au fost cele mai importante. 
 Astfel, Mureşul a fost cea mai importantă 
legătură culturală şi comercială dintre 
Transilvania şi Marea Câmpie Ungară. 
Din pricina inundațiilor bruşte şi devasta-
toare şi a dinamicii intense a albiei a apă-
rut nevoia uniformizării cursului râului 
prin regularizări menite să protejeze aşe-
zările şi suprafeţele agricole. Aceste preo-
cupări s-au accentuat începând cu a doua 
jumătate a secolului al XIX-lea, în acord 
cu principiile specifice acelor perioade, 
nereuşindu-se finalizarea în totalitate.
În faza sa naturală, la fel ca și alte râuri 
din cadrul Marii Câmpii Maghiare, Mure-
şul a susținut dezvoltarea mlaştinilor 
în zonele inundate anual, intercalate de 
numeroase canale secundare( Tóth 1993, 
2000, Somogyi 2000, Ihrig 1973). Sălbăticia 
zonei a crescut în timpul ocupației turceşti, 
când terenurile cultivate anterior au fost 
abandonate, iar cel mai multe din locali-
tăţi devastate (Tóth 1993, Somogyi 2000). 
În aceste circumstanţe comerţul şi exploa-
tarea din perspectiva economică a râului 
nu au putut fi stimulate (Laczay 1975).
În urma retragerii turcilor, reinstaura-
rea aşezărilor în lungul râului s-a produs 
de abia la jumătatea secolului al XVIII-lea 
(Tóth 1993, Andó 2002). În această peri-
oadă populaţia utiliza resursele de apă, 
terenurile mlăştinoase pentru creşterea 
animalelor, lemnul speciilor riverane şi 
peştii care asigurau hrana. Între timp 
exploatările de sare şi transportul lem-
nului din Transilvania s-au intensificat 
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elengedhetetlenné vált a mezőgazdasági 
művelés újrakezdése is, mely a növekvő 
vízi áruszállítással egyetemben maga 
után vonta a vízrendezési munkálatok 
elkezdését (8. ábra). Így volt ez más folyók 
esetében is. Az összehangolt munka 
végül 21 200 km2 ármentesítését, illetve 
az Alföld visszafordíthatatlan átalakítását 
eredményezte (Dunka et al. 1996).
A folyó síksági szakaszának szabályozása 
töltésezéssel, illetve a kiágazó erek elgá-
tolásával kezdődött, az árvizek szétterü-
lésének megakadályozása céljából (Török 
1977). A töltések futása máig tükrözi a 
Maroson végbement munkálatok jelleg-
zetességét, miszerint az árvízi szabályozás 
általában megelőzte a kis- és középvízi 
încontinuu. Odată cu trecerea timpului 
agricultura a devenit principala ocupa-
ţie a locuitorilor. Împreună cu comerţul, 
aceste preocupări au indus primele efor-
turi de realizare a unor măsuri de mana-
gement al râului (Fig. 8). În final, efor-
turile extinse au dus la protejarea unei 
suprafeţe de 21 200 km2 în Marea Câmpie 
Ungară, dar şi la transformarea ireversi-
bilă a peisajului (Dunka et al. 1996).
Regularizarea secţiunii inferioare a Mure-
şului a început odată cu construirea digu-
rilor și blocarea albiilor secundare pentru 
prevenirea extinderii inundaţiilor (Török 
1977). Localizarea şi desfăşurarea digu-
rilor reflectă o caracteristică importantă 
în activitatea de regularizare, şi anume 
controlul inundaţiilor prin tăierea şi 
8. ábra: A Maros Apátfalva és Makó között az I. katonai térképezés (1784) idején (Colonne: XX, 
Sectio: 30).
Fig. 8: Mureşul pe harta militară iozefină din 1784 (Colonne: XX, Sectio: 30).
Fig. 8: The Maros/Mureş on the map of the Josephinian Military Survey (1784) (Colonne: 20, 
Sectio: 30)
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beavatkozásokat. Ennek következménye, 
hogy a töltésezés igen sok esetben követi 
a hajdani, átvágások előtti meanderek 
futását (Ihrig 1973).
A meder rendezése is a 18. század 
közepén kezdődött, igaz ez esetben is 
főleg helyi jellegű beavatkozásokról, leg-
többször egy-egy kanyarulat átmetszé-
séről volt szó. A 19. század közepén már 
kiterjedtebb munkálatok kezdődtek (9. 
és 10. ábra), bár a vármegyék és birto-
kosok sorozatos érdekellentétei miatt a 
munkálatok lassan haladtak (Tóth 1993). 
A Maros Lippa és torkolat közötti szaka-
szán végül mintegy 33 átmetszés készült 
el (11. ábra), ami a korábbi 260 km hosszú 
szakaszt 170 km-re rövidítette (Laczay 
1975, Török 1977). Az átvágások hatása 
legtöbbször kedvező volt: az árvizek levo-
nulása gyorsult a Maros menti városok, 
elsősorban Arad és Makó fellélegezhettek. 
Emellett helyenként megduplázódott esés 
következtében a meder beágyazódott, és 
1 m körüli vízszintsüllyedések következ-
tek be (Laczay 1975). Ugyanakkor a meg-
növekedett energiájú folyó partjait tovább 
rombolta és szaggatta, a nagy mennyiség-
ben szállított hordalék pedig továbbra is 
zátonyok, illetve szigetek kialakulásához 
vezetett. Mindez a hajózást, a szabályo-
zások egyik mozgatórugóját, rövid időn 
belül szinte lehetetlenné tette (Gillyén 
1912)
întreţinerea canalelor. În consecință, în 
cele mai multe cazuri digurile urmăreau 
liniile malurilor originale dinaintea regu-
larizării meandrelor (Ihrig 1973).
Nici cursul principal al râului nu a fost 
scăpat din vedere şi începând cu jumăta-
tea secolului al XVIII-lea intervenţiile erau 
locale şi se rezumau la tăierea câte unui 
singur meandru. De la jumătatea secolului 
al XIX-lea o muncă extensivă şi uniformă a 
debutat (Fig. 9 şi 10), fiind totuşi întreruptă 
de conflictele izbucnite între autoritățile 
locale şi latifundiari (Tóth 1993). Până la 
sfârşitul secolului al XIX-lea 33 de tăieri 
de meandre au fost realizate între Lipova 
şi Szeged (Fig. 11), ceea ce a dus la scur-
tarea de la lungimea iniţială de  260 km la 
170 km (Laczay 1975, Török 1977). Efectul 
acestor tăieri a fost unul pozitiv în vederea 
prevenirii împotriva inundaţiilor de vreme 
ce scurgerea apei a devenit mai rapidă. 
Oraşele Arad şi Makó au fost scutite de 
riscul inundaţiilor. De asemenea, scăderea 
drastică a lungimii a dus la dublarea pantei 
râului (de la 14 cm/km la 28 cm/km), iar 
râul s-a adâncit în unele locuri cu aproape 
1 m (Laczay 1975). Între timp energia râu-
lui a crescut în continuare, conducând la o 
sporire a eroziunii malurilor şi la dezvolta-
rea unor plaje de nisip întinse. Aceste con-
diţii au făcut ca navigaţia, care a reprezen-
tat unul din motivele regularizării râului să 

























































































































































































































































































































































































 Sajténynál húzódó egykori kanyarulat partbiztosításának terve 1817-ből (Johann M
ihalik és Johann K
osztka). A
 falut 
veszélyeztető kanyarulatot végül átvágták (forrás: M
agyar O






Fig. 10: Planul de stabilizare al m
eandrului Şeitinului în 1817 (Johann M
ihalik şi Johann K
osztka). Bucla care punea în pericol satul 
a fost tăiată ulterior (sursa: A
rhiva N
aţională M







e bank stabilisation plan of the Sajtény bend from
 1817 (Johann M
ihalik és Johann K
osztka). Th
e bend, endangering the 
village, w
as later cut-off (source: H
ungarian N
ational A











































































































































































































































































A meder, illetve a partok stabilizálását, 
valamint a folyó hajózhatóvá tételét a 
19. század végén kezdték meg. Szegedre 
ez idő tájt kétszer annyi hajó érkezett a 
Maroson, mint a Tiszán, és a szállított 
áru mennyisége is kétszer akkora volt, 
minek köszönhetően még a gőzhajózást 
is tervbe vették (Tóth 2002). A mun-
kálatokat 1865-ben először a Konop–
Arad közötti szakaszon kezdték meg. 
A homorú oldalak stabilizálására konopi 
terméskövet használtak, a sarkantyúkat 
rőzsefonatokból készítették (12. ábra). 
A sikeres beavatkozásokon felbuzdulva 
és az alvizeken tapasztalható hajózási 
nehézségek miatt a Makó és a torkolat 
közötti szakaszokon is megkezdték a 
szabályozást. Ezen a szakaszon kőanyag 
hiányában leginkább rőzsét használtak 
(Bogdánfy 1906). Mindezek után még 
tervbe vették, hogy Arad alatt is foly-
tatják a szabályozást (Gillyén 1912). 
A munkálatokat meg is kezdték 1912-
ben (Török 1977), azonban a kivitelezé-
sébe már közbeszólt az I. világháború.
Stabilizarea canalului şi a malurilor a 
început la sfârşitul secolului XIX, scopul 
principal fiind facilitarea navigației. În 
această perioadă pe Mureş ajungeau la 
Szeged de două ori mai multe bărci decât 
pe Tisa, iar cantitatea mărfurilor trans-
portate era de asemenea dublă. De aceea, 
inițierea transportului cu bărci cu aburi 
a reprezentat o prioritate (Tóth 2002). 
Lucrările au început în sectorul Conop-
Arad în 1865. În malul concav au fost rea-
lizate pavaje cu piatră, iar în cel convex 
s-au instalat împletituri din nuiele (Fig. 
12). Încurajaţi de reuşita lucrărilor de la 
Conop-Arad şi reglarea navigaţiei în aval, 
lucrările au continuat în sectorul Makó-
Szeged. Aici, în lipsa pavajului cu piatră 
au fost folosite împletiturile cu lemn de 
esenţă moale pentru stabilizarea malu-
rilor (Bogdánfy 1906). Următorul plan a 
vizat extinderea stabilizării malurilor în 
secţiunea din aval de Arad (Gillyén 1912). 
Lucrările au început în 1912 (Török 1977), 
dar finalizarea lucrărilor nu s-a realizat 
din pricina Primului Război Mondial.
12. ábra: Egykori rőzse-
sarkantyú maradvá-
nya a meder közepén 
Apátfalvánál.
Fig. 12: Resturi lem-
noase în mijlocul albiei 
la Apátfalva.
Fig. 12.: Remnants of 
a brushwood structure 




rás a lippai és a 
ferencszállási szaka-
szon.
Fig. 13: Mal pavat 
cu pietre la Lipova şi 
Ferencszállás.
Fig. 13: Stone 
revetments on the 
Lipova and Ferenc-
szállás section.
Manapság a felső szakaszokon létesített 
víztározók, valamint az alsóbb szakaszo-
kon folytatott kavics- és homokkitermelés 
jelentik a legfontosabb emberi beavatko-
zást. A víztározók létesítése az 1980-as 
évek elején kezdődött. Jelenleg a teljes 
kapacitás 700 millió m3, melyből 300 mil-
lió m3-t lehet hosszabb távon visszatar-
tani, illetve a lefolyás szabályozására hasz-
nálni (Konecsnyi és Bálint 2009). Mindez 
Cel mai important impact antopic s-a 
materializat prin amenajarea unor lacuri 
în partea superioară şi prin exploatarea 
sedimentelor din albia minoră. Con-
struirea lacurilor a început în anii 80 ai 
secolului trecut. În prezent capacitatea 
totală de stocare a apei este de 700 mili-
oane m3 din care 300 milioane m3 pot fi 
folosiţi pentru depozitare şi regulariza-
rea surgerii (Konecsnyi şi Bálint 2009). 
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14. ábra: Víztározó 
a Sztrigy mentén.
Fig. 14: Lac de 
acumulare pe Strei.
Fig. 14: Reservoire 
on the Strei.
jelentős mennyiségnek számít, ameny-
nyiben figyelembe vesszük, hogy a Maros 
által szállított éves vízmennyiség Aradnál 
5800 millió m3, azaz átlagos években a tel-
jes vízhozam 5%-át, kisvizes években 10%-
át lehet visszatartani (Konecsnyi és Bálint 
2009). Összehasonlításul érdemes meg-
említeni, hogy Magyarország és Románia 
éves teljes vízfelhasználása 5500, illetve 
7300 millió m3 (OECD 2002). Habár a 
vízleeresztés szinte folyamatos, mivel a 
legnagyobb tározókat energiatermelésre 
használják, a víztározás szerepe nyilván-
való a kisvízi hozamok csökkenésében az 
alsóbb szakaszokon. Emellett a csúcsra 
járatás időszakában kisebb árhullámok 
jelenhetnek meg a folyón, melyek befolyá-
solhatják kisvízi vízjárást. A legnagyobb 
tározók a Sztrigy és Sebes folyókon talál-
hatók (14. ábra), de kisebbek az Aranyoson 
és Küküllőkön is épültek. A Radnóton és 
Déván található hőerőműveknél is jelentős 
a vízkivétel, de itt a felhasználást követően 
a vizet visszaeresztik (Konecsnyi és Bálint 
2009).
Această cantitate este substanţială dacă 
considerăm că volumul actual de scur-
gere al Mureşului este de 5800 milioane 
m3 la Arad. Prin urmare în medie 5%, iar 
în cazul apelor mici 10% din debitul total 
poate fi reținut (Konecsnyi şi Bálint 2009). 
Ca şi o comparaţie consumul total anual 
de apă în Ungaria şi România este de 5500 
respectiv 7300 miloane m3 (OECD 2002). 
Deşi scurgerea apei este continuă din 
aceste lacuri, cele mai importante fiind 
folosite şi pentru hidroenergie, reţinerea 
apei în spatele barajelor determină şi scă-
derea debitelor Mureşului. De asemenea, 
în perioada în care se reţine cea mai mare 
cantitate de apă în lacuri se produc şi debi-
tele cele mai mici, regimul hidrologic fiind 
afectat. Cele mai importante structuri 
hidro-energetice se găsesc în bazinele pe 
râurilor Strei şi Sebeş (Fig. 14), dar câteva 
de dimensiuni mici sunt și pe Arieş şi Târ-
nave. Termocentralele de la Iernut şi Min-
tia-Deva utilizează o cantitate importantă 
de apă, care este dirijată ulterior înapoi în 










Fig. 15: Sand 
extraction near 
Cicir.
A folyó által szállított kavicsot és homo-
kot régóta bányásszák, azonban a kiter-
melt mennyiség jelentősen megnőtt az 
elmúlt évtizedben. Így például 2011-
ben a romániai szakaszon hivatalosan 
920 000 m3 homokot és kavicsot távolí-
tottak el a mederből (SGA Arad 2012). 
A magyarországi szakaszon papíron 
további 100 000 m3-t emeltek ki (MBFH 
Szolnok 2012). A kitermelés az Ópálos-
Mondor lak szakaszon a legintenzívebb, 
ahol a medret és a partokat mára már 
gyakorlatilag elbányászták (15. ábra). 
A beavatkozások lehetséges hatásait teljes 
körűen még nem ismerjük. Ezért is fontos 
a folyó emberi hatásokra adott válaszai-
nak vizsgálata. A kutatások során kidol-
gozhatók azok a hosszú távon folytatható 
monitoring tevékenységek, melyekkel 
megalapozható a fenntartható víz- és hor-
dalék-gazdálkodás a Maros mentén.
Pietrişurile şi nisipurile au fost extrase 
din albie o perioadă lungă de timp, dar 
în ultima decadă volumul materialului 
exploatat a crescut considerabil. Spre 
exemplu în 2011 în partea românească au 
fost extraşi în mod oficial 920 000 m3 de 
nisip şi pietriş (SGA Arad 2012). În sec-
ţiunea maghiară un surplus de 100 000 
m3 este exploatat (MBFH Szolnok 2012). 
Cea mai intensă activitate se desfăşoară 
în sectorul Pauliş-Mândruloc unde atât 
malurile cât şi albia sunt supuse deopo-
trivă exploatării (Fig. 15). Posibilul rezul-
tat al acestor intervenţii nu sunt explorate 
întru totul. Este important să investi-
găm răspunsul râului la diferite tipuri de 
impact antropic din trecut şi prezent. 
Astfel se pot dezvolta bune practici de 
monitorizare pe termen lung a Mureşului 




Az összefoglaló kötet első tanulmányában a Marossal és vízgyűjtőjével kapcsolatban 
elérhető hidrogeográfiai és hidrológiai adatokat tekintettük át. Mindemellett a folyó 
fejlődését leginkább befolyásoló emberi beavatkozásokat is számba vettük. Ezek 
alapján az alábbi lényeges tényezőkkel kell számolni a további vizsgálatok során:
•	 A folyó esése még a síksági szakaszon is viszonylag nagy, ami jelentős energiát 
kölcsönöz a mederformáló folyamatoknak.
•	 A Maros-hordalékkúpon megfigyelhető formakincs a múltban is igen intenzív 
folyóvízi tevékenységre utal, amit az éghajlat és a tektonikus folyamatok befolyá-
soltak a leginkább. Mindamellett a terület fejlődés története és koránt sincs még 
teljesen feltárva.
•	 A folyó vízjárása nagyon ingadozó. A legnagyobb árhullámokat a téli hókészletek 
hirtelen olvadása okozza. A kisvizes időszakok hosszan elnyúlnak. Egyelőre nem 
tudni, hogy a klímaváltozás hatására miként változnak majd a folyó hidrológiai 
sajátosságai.
•	 A Maros igen sok, ipari és gazdasági szempontból is jelentős mennyiségű homo-
kos-kavicsos hordalékot szállít. A folyó hordalékháztartást, illetve annak rövid 
távú változásait ugyanakkor alig ismerjük.
•	 A 19. századi szabályozások jelentősen megváltoztatták a folyó képét. A beavat-
kozások következtében a Maros bevágódott, helyenként pedig jelentősen kiszéle-
sedett. A síksági szakasz hosszú távú rendszerválaszait azonban eddig még nem 
tanulmányozták.
•	 Napjaink emberi beavatkozásai jelentősen befolyásolhatják a folyó hidrológiai és 
morfológiai jellemzőit, ugyanakkor a változások felismerése és nyomon követése 
komplex megközelítést igényelne.
Habár számos értékes tanulmány látott már napvilágot a Marosról, sok kérdés még 
máig tisztázatlan múltbeli, jelenlegi és jövőbeni fejlődésével kapcsolatban. Ezek 
vizsgálata csak a legújabb módszerek felhasználásával, és közvetlen mérések segít-
ségével lehetséges. A soron következő tanulmányokban azt szeretnénk bemutatni, 




În acest capitol au fost prezentate informaţiile hidrogeografice disponibile şi carac-
teristicile hidrologice ale Mureşului şi ale bazinului său. De asemenea, au fost enun-
ţate principalele intervenţii umane care afectează morfologia râului. Din informaţi-
ile analizate au fost extrase următoarele concluzii: 
•	 Râul are o declivitate mare chiar şi în zona de câmpie, ceea ce-i conferă suficientă 
energie pentru desfăşurarea proceselor fluviale.
•	 Conul aluvionar al Mureşului păstrează suficiente elemente care să ateste o dez-
voltare fluvială intensă şi în trecut, controlată în principal de fenomenele clima-
tice şi tectonice. Oricum cronologia şi dinamica evoluţiei sale nu a fost rezolvată 
încă.  
•	 Debitul râului este foarte variabil. Cele mai importante inundaţii sunt cauzate de 
topirea bruscă a zăpezii. Perioadele cu ape mici sunt mai îndelungate. Din păcate, 
nu se cunoaşte modul în care hidrologia va fi afectată de schimbările climatice în 
viitor.
•	 Mureşul livrează o cantitate importantă de nisip şi pietriş, care au o valoare eco-
nomică ridicată, dar bugetul de sedimente şi schimbările de scurtă durată ale 
acestuia nu au fost evaluate până în prezent.
•	 Regularizările Mureşului din secolul 19 au schimbat considerabil morfologia râu-
lui. Cele mai evidente consecinţe ale intervenţiei umane sunt inciziile şi lărgirea 
din anumite sectoare. Schimbările morfologice pe termen lung din zona de câm-
pie nu au fost studiate până în prezent.
•	 Impactul antropic actual poate avea un rol semnificativ în influenţarea hidrologiei 
şi morfologiei râului, dar detectarea şi modelarea schimbărilor necesită o strate-
gie complexă de monitorizare.
Chiar dacă există studii anterioare valoroase care abordează problema Mureşu-
lui, numeroase întrebări legate de trecutul, prezentul şi viitorul acestuia sunt încă 
nerezolvate. Evaluarea acestora este posibilă numai cu ajutorul metodelor de ultimă 
generaţie. În următoarele capitole vom încerca să prezentăm maniera în care am 
abordat toate problemele enumerate anterior în cadrul proiectului nostru de cerce-
tare ştiinţifică.
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A Maros múltbeli fejlődésének bizo-nyítékait hatalmas kiterjedésű hor-dalékkúpja őrzi (1. ábra). A Békés, 
Csongrád, Arad és Temes megyében 
található egykori, mára elhagyott med-
rek sokasága tanúskodik a folyó igen 
jelentős felszínformáló tevékenységéről, 
melyet a mindenkori éghajlati és dom-
borzati viszonyok alapvetően befolyá-
soltak. Vajon mely időszakokban volt a 
legaktívabb a folyó? Milyen mennyiségű 
vizet szállíthattak Nagyszentmiklóstól 
Orosházáig ma is kirajzolódó medrei? 
Mikor következtek be a leglényegesebb 
változások fejlődésében? Főként ezekre az 
alapvető kérdésekre kerestünk válaszokat 
vizsgálataink első szakaszában.
A fenti kérdések megválaszolásával több 
ezer évre visszamenően rekonstruálható a 
hordalékkúp fejlődési dinamikája. Emel-
lett a medrek nagysága és jellege utalhat a 
vízgyűjtőn uralkodó mindenkori éghajlati 
viszonyokra is. Miért is lehetnek fontosak 
ezek a kutatások a Maros jelenlegi, illetve a 
jövőbeni fejlődése szempontjából? A válasz 
összetett: segítségükkel megérthető a folyó-
rendszer hosszútávú dinamikája, becsül-
hető, hogy milyen éghajlati szélsőségek 
Indiciile descifrării evoluţiei Mure-şului în trecut stau ascunse în vastul său con de aluviuni care este locali-
zat în judeţele Békés, Csongrád, Arad şi 
Timiş (Fig. 1). Un mare număr de canale 
abandonate au surprins istoria acestui 
râu foarte activ, evoluţie influenţată de 
condiţiile morfologice şi climatice speci-
fice diferitelor perioade din trecutul său. 
Când a avut râul cea mai mare dinamică? 
Ce debite au avut albiile minore abando-
nate dintre Orosháza şi Sannicolau Mare? 
Când a avut loc cea mai radicală schim-
bare în evoluţia sa? Un mare număr de 
întrebări de acest fel îşi găsesc răspunsul 
în prima parte a acestui studiu complex.
În final, găsind răspunsuri la 
toate aceste întrebări, este posibil să 
reconstruim dinamica formării conului 
de aluviuni şi să surprindem relaţiile 
existente între evoluţia vechilor canale 
ale râului şi condiţiile climatice din 
trecut, condiţii ce au caracterizat bazinul 
acestuia. De ce aceste investigaţii sunt 
importante pentru aspectul actual şi viitor 
al râului Mureş? Răspunsul nu este deloc 
unul simplu, ci mai degrabă complex. 
Cu ajutorul acestor informaţii poate fi 
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jellemezték vízgyűjtőjét. A múltbeli adatok 
mindezeken túl fontos információt adhat-
nak arról, hogy milyen mértékű változások 
következhetnek be a jövőben, illetve meny-
nyire lehet képes ezeket a változásokat az 
aktív meder  levezetni.
Módszerek
Az egykori Maros medreinek térképezésé-
hez a határ mindkét oldalán a lehető leg-
jobb felbontású adatforrásokat gyűjtöttük 
össze. A vizsgálatok alapját a magyaror-
szági területeken 1:10 000, míg a romá-
niai területeken 1:25 000 méretarányú 
topográfiai térképek szolgáltatták. Mivel 
a romániai térképek felbontása sokszor 
elégtelen volt a részletes vizsgálatokhoz, 
ezért műhold felvételeket, valamint egyes 
területeken légifotókat is felhasználtunk 
a minél szélesebb körű felméréshez. Bár 
a magyarországi területeket sok eset-
ben részletesebben lehetett térképezni, 
înţeles comportamentul râului pe ter-
men lung, magnitudinea manifestărilor 
extreme care s-au produs în trecut şi sunt 
posibile în viitor, putând, de asemenea, să 
fie evaluată şi capacitatea râului de a se 
autoregla.
Metode
Pentru cartarea paleoalbiilor Mureşului, 
au fost folosite de ambele părţi ale graniţei 
cele mai bune surse de date disponibile. 
Astfel, au fost utilizate hărţi topografice 
la scara 1:10 000 în Ungaria şi 1:25 000 
în România. Scara hărţilor topografice 
din partea română nefiind adecvată pen-
tru o cartare geomorfologică de detaliu, 
au fost folosite imagini satelitare şi aero-
fotograme. Chiar dacă pentru teritoriul 
maghiar a existat posibilitatea unor car-
tări ocazionale mai detaliate, determina-
rea tipologiei canalelor de albie minoră şi 
a morfologiei acestora, a reniilor (plajelor 
1. ábra: A Maros hordalékkúpjának elhelyezkedése.
Fig. 1: Localizarea conului aluvial al Mureşului.
Fig. 1: Location of the Maros/Mureş alluvial fan.
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2. ábra: A térképezés során azonosított különböző medermintázat típusok a Maros hordalékkúp-
ján (balról jobbra: meanderező – Kétegyháza, fonatos – Kövegy, anasztomizáló – Pusztaföldvár)
Fig. 2: Diferite tipuri morfologice de canale identificate în urma cartării conului aluvionar al 
Mureşului (de la stânga la dreapta: curs meandrat la Kétegyháza, curs despletit la Kövegy și curs 
anastomozat la Pusztaföldvár)
Fig. 2: Different channel patterns identified during the mapping of the Maros/Mureş alluvial fan 
(from left to right: meandering – Kétegyháza, braided – Kövegy, anastomosing – Pusztaföldvár).
azonban így is meghatározhatók voltak 
a jellemző medertípusok és az azokhoz 
tartozó formakincs. Jól kirajzolódtak a 
meanderező folyószakaszok és kapcsolódó 
övzátonyaik, de a fonatos medrek is az 
őket kísérő egykori zátonyokkal és szige-
tekkel egyetemben (2. ábra).
aluviale) specifice albiilor  meandrate, 
precum şi a grindurilor naturale de mal 
şi insulelor, atât de caracteristice tipu-
rilor de albii minore despletite, au putut 
fi detectate şi cartate cu destulă precizie 
pentru întreg spaţiul conului de aluviuni 
al Mureşului (Fig. 2).
Vizsgálataink során fonatos, meanderező és anasztomizáló vízfolyásokat különítettünk el a 
hordalékkúp felszínén (2. ábra) (Rust 1978, Schumm 1985, Rosgen 1994). A folyó felülnézeti 
képe utal azokra a hidrogeográfiai, hidrológiai és természeti tényezőkre, amelyek befolyásol-
ják mind a kialakuló formákat, mind az azokat kialakító folyamatokat. Ezek a tényezők szoros 
kapcsolatban állnak a folyó vízgyűjtőjének mindenkori éghajlati, geológiai, domborzati és 
növényzeti viszonyaival. A folyók végeredményben e tényezőkhöz igazodva alakítják ki sajá-
tos formakincsüket.
A meanderező folyókat nem túl nagy mederesés és vízhozam, valamint vegyes hordalék 
összetétel jellemzi, partjaikat pedig általában növényzet stabilizálja. Mindez jól fejlett kanyarula-
tok és övzátony sorok kialakulásához vezet. A fonatos vízfolyásokat általában nagy esés és/vagy 
nagy mennyiségű görgetett hordalék jellemzi, partjaikat a gyér növényzet általában nem tudja 
megkötni. Ezek a körülmények legtöbbször száraz, illetve hideg klíma mellett adottak, valamint 
a nagy esésű, hegységből kilépő folyók esetében. Az ilyen típusú folyókat széles, sekély és elágazó 
medrek, a mederágak mentén húzódó folyóhátak, illetve a medreket megosztó zátonyok és szi-
getek jellemzik. Az anasztomizáló folyók legtöbbször kis esésűek, lebegtetett hordalékot szál-
lítanak, és partjaikat erős növényzeti hatás jellemzi. Ezek szintén szigetekkel tarkított elágazó 
vízfolyások, azonban a szigetek jóval nagyobb méretűek és az ártér részei voltak korábban.
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Az elhagyott medreket kialakító egykori 
vízfolyás vízhozamának meghatározása 
meanderező folyók esetében leggyak-
rabban a kanyarulatok sugara, tágas-
sága, illetve a meder szélessége alapján 
lehetséges (Gábris 1986, Timár és Gáb-
ris 2008). A vízhozam nagysága ugyanis 
szükségszerűen tükröződik a meanderek 
paramétereiben: azaz minél nagyobb a 
vízhozam annál tágasabb, szélesebb és 
nagyobb sugarú kanyarulatok jönnek 
létre (3. ábra). Kellő számú jelenleg is 
aktív folyó kanyarulati és vízhozam ada-
tai alapján függvényszerű kapcsolat is 
megadható egy-egy régióra vonatkozóan, 
melynek segítségével a múltbeli vízhoza-
mok kiszámíthatóak az elhagyott medrek 
méreteit felhasználva (Gábris 1986).
Első lépésként regionális érvényes-
ségű képletek kialakítása volt a célunk, 
melyek az adott földrajzi környezetben 
În cazul râurilor meandrate care au existat 
în trecut calcularea debitelor se bazează pe 
parametrii albiei, cum sunt: raza şi ampli-
tudinea meandrului sau lăţimea canalului 
(Gábris 1986, Timár şi Gábris 2008). Ideea 
de bază din spatele acestor calcule este că 
fiecare schimbare de debit se va regăsi în 
dimensiunea meandrelor, şi anume, cu 
cât debitul lichid este mai ridicat cu atât 
meandrele care vor lua naştere vor fi mai 
mari, mai late şi având o rază de curbură 
ridicată (Fig. 3). Utilizând parametrii 
meandrării şi ai debitelor actuale pentru 
mai multe râuri este posibil să se deter-
mine o relaţie funcţională validă la nivel 
regional, relaţie care să ajute la calcularea 
paleodebitelor pe baza mărimii canalelor 
abandonate (Gábris 1986).
Un prim pas în studiul nostru a fost 
acela de a dezvolta ecuaţii valide la nivel 
regional, care în condiţiile geografice 
În urma cartării canalelor abandonate au fost diferenţiate sectoare meandrate, despletite şi 
anastomozate (Fig. 2) (Rust 1978, Schumm 1985, Rosgen 1994). Forma în plan a canalului 
reflectă adesea foarte bine caracteristicile parametrilor hidrogeografici, hidrologici şi enviro-
mentali, determinând atât morfologia cât şi dinamica unui sistem fluvial. Aşa numiţii para-
metrii de control sunt în strânsă legătură cu climatul, geologia, geomorfologia şi înveliţul 
vegetal al bazinului. Prin urmare, râurile vor dezvolta întotdeauna o morfologie unică prin 
ajustarea la condiţiile menţionate mai sus.
Râurile meandrate sunt de obicei caracterizate de existenţa unor canale cu o pantă medie 
şi un debit moderat, o compoziţie sedimentară eterogenă şi prezenţa unei vegetaţii bine dez-
voltate. Acestea vor avea ca rezultat dezvoltarea curburii canalului şi a sistemelor de renii. Pe 
de altă parte râurile despletite sunt caracterizate de o înclinare şi un debit mare, un transport 
de debit solid la nivelul patului albiei ridicat şi o vegetaţie cu o influenţă redusă în cadrul 
sistemului. Aceste condiţii sunt specifice unui climat uscat şi rece şi a unor râuri cu energie 
ridicată la părăsirea spaţiului montan şi pătrunderea în zona de câmpie. Aceste râuri sunt 
caracterizate de existenţa unor canale largi şi puţin adânci care se despletesc în jurul insule-
lor şi a reniilor din mijlocul canalelor. Râurile anastomozate au în mod normal pantă redusă 
şi transportă sedimente cu precădere în suspensie, iar vegetaţia joacă un rol determinant 
în cazul acestor canale. Această structură este caracteristică vecinătăţii estuariene acestor 
canale. Râurile anastomozate sunt de asemenea împletite, dar insulele care despart braţele 
sunt mult mai largi şi de obicei sunt disecate din suprafaţa câmpiilor aluvionare existente.
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és mérettartományok között jól meghatá-
rozzák a mederparaméterek és a meder-
kitöltő vízhozam közötti összefüggést 
(Williams 1984). A képletek meghatáro-
zásához a Tisza vízgyűjtő vízfolyásairól 
elérhető legkorábbi vízhozam adatokat 
(1930-as évek), valamint a gyakorlati-
lag természetes, szabályozások előtti 
kanyarulati paramétereket (görbületi 
sugár, ívhossz és húrhossz) használtuk fel 
(Sümeghy és Kiss 2011). A Maros horda-
lékkúpján található egykori meanderező 
mintázatú medrek méretei alapján így 
következtetni tudtunk az őket kialakító 
folyó vízhozamára, illetve a vízhoza-
mot meghatározó éghajlati viszonyokra 
(3. ábra).
existente şi al mărimii albiilor actuale să 
definească cu cât mai mare precizie rela-
ţiile dintre parametrii canalului şi aşa-
numitul debit maxim al albiei minore, sau 
debit de formare a albiei (Williams 1984). 
Pentru determinarea funcţiilor enu-
merate mai sus cele mai vechi valori ale 
debitelor, cele din anii ‘30 au fost anali-
zate împreună cu parametrii meandrelor 
naturale din perioada anterioară regula-
rizărilor (raza, lungimea de arc, lungimea 
corzii) pe diferite râuri din bazinul Tisei 
(Sümeghy şi Kiss 2011). Rezultatul final a 
permis determinarea debitelor şi a condi-
ţiilor climatice responsabile de dezvolta-
rea diferitelor canale meandrate în cadrul 
conului de aluviuni (Fig. 3).
3. ábra: Légifotókon kirajzolódó meanderező medrek, illetve a vízhozam meghatározásához hasz-
nált morfológiai paraméterek (P: infelxiós pont, L: hullámhossz, H: húrhossz, Rc: görbületi sugár).
Fig. 3: Albii meandrate surprinse pe o aerofotogramă şi parametrii morfologici determinaţi în 
vederea calculării debitelor (P: punct de inflexiune, L: lungimea de undă, H: lungimea corzii, 
Rc: raza curburii)
Fig. 3: Meandering channels as seen from the air and the morphological parameters that 
were determined for calculating discharge (P: inflection point, L: wavelength, H: chord length, 
Rc: radius of curvature).
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A képletek meghatározásához szükséges legkorábbi mederkitöltő vízhozam értékeket (Qb) 
1930-as évekből származó Vízrajzi Évkönyvekből vettük, ekkor ugyanis a szabályozások előtti 
természetes állapotukhoz képest még alig torzult a folyók medre. A mederkitöltő vízhoza-
mokat a Tiszán és a hozzá tartozó mellékfolyókon összesen 18 vízmércéhez kapcsolódóan 
határoztuk meg (a Tiszán 7, a mellékfolyókon 11 helyen), mivel csak itt álltak rendelkezésre 
1930-as évekből származó keresztszelvények, melyeken meg lehetett állapítani a mederki-
töltő vízállás szintjét és így az ahhoz tartozó vízhozam értékét.
A meanderparamétereket – görbületi sugár (Rc), hullámhossz (L) és húrhossz (H) – egy-
egy vízmérce közvetlen közelében 5 kanyarulaton határoztuk meg a III. katonai felmérés 
(1882-1884) térképlapjairól digitalizált partvonalak felhasználásával.
Az összegyűjtött vízhozam és a meghatározott felülnézeti paraméterek között másodfokú 
polinomiális összefüggéseket állítottunk fel, ezek korrelációs együtthatói (R2) rendre 0,7 vagy 
annál magasabb értéket vettek fel, ami viszonylag erős statisztikai kapcsolatot jelent. Nagyon 
fontos megjegyezni, hogy a kapott képletek csak a vizsgált vízhozam és kanyarulati paramé-
ter tartományok között alkalmazhatók (1. táblázat).
Az egykori medreket kialakító vízfolyások vízhozamát a Maros hordalékkúpján az így meg-
határozott egyenletek alapján számítottuk ki. A számítások során csak az ú.n. fejlett és érett 
kanyarulatok (Laczay 1982) adatait használtuk fel (3. ábra), mivel korábban Gábris (1986) 
rámutatott, hogy ezek a legalkalmasabbak a mederparaméterek alapján történő vízhozam-
meghatározáshoz.
Pentru determinarea ecuaţiilor valorile debitelor de formare a albiei (Qb) au fost preluate 
din Anuarele hidrologice disponibile din anii 1930. Acestea au asigurat realizarea investi-
gaţiilor numai în sectoarele cât mai naturale, care au suferit intervenţiile cele mai reduse şi 
unde valorile debitelor semănau cu cele originale. Au fost utilizate numai datele de la acele 
staţii hidrologice unde măsurătorile secţiunilor transversale s-au efectuat cu regularitate în 
perioada anilor 1930, astfel că, atât debitul maxim al albiei minore, cât şi nivelul maxim al 
apei au putut fi determinate. În total 18 staţii au îndeplinit aceste condiţii, 7 pe Tisa şi 11 pe 
afluenţii săi.
Parametrii meandrului – raza curburii (Rc), lungimea arcului (L) şi lungimea corzii (H) 
– au fost determinate pe 5 meandre aflate în imediata vecinătate a staţiilor hidrologice prin 
digitizarea malurilor râurilor de pe hărţile reprezentând a treia ridicare militară austriacă 
(1882-1884). 
După analiza comparativă dintre debitele colectate şi parametrii măsuraţi ai meandrului 
au fost generate funţiile polinomiale de gradul doi. Coeficientul de corelare (R2) obţinut în 
toate cazurile a fost mai mare de 0,7, ceea ce relevă o relaţie statistică puternică între para-
metrii analizaţi. Este important de menţionat că ecuaţiile obţinute sunt valide doar în cazul 
debitelor investigate şi al parametrilor meandrului (Tabelul 1).
Calcularea paleo-debitelor râurilor care au lăsat în urma lor canale pe toată suprafaţa 
conului aluvionar al Mureşului a fost realizată cu ajutorul ecuaţiilor determinate mai sus. 
Pentru calcule au fost utilizate doar datele acelor meandre cu o curbură bine dezvoltată (Fig. 
3), considerate mature (Laczay, 1982), în timp ce Gábris (1986) a arătat că aceste tipuri de 
meandre sunt cele mai potrivite pentru calcularea debitelor.
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1. táblázat: Vízhozam (Q) és kanyarulati paraméterek (Rc, L, H) közötti összefüggések és alkal-
mazhatóságuk értéktartománya.
Tabelul 1: Relaţia dintre debit (Q) şi parametrii statistici (Rc, L, H) şi intervalul validităţii acestora.









(Rc) Q = 0.0008*Rc2 + 4.1692*Rc – 226.130 0.70 29 – 509 m
 (L) Q = 0.0003*L2 + 0.344*L – 81.329 0.72 472 – 2538 m
 (H) Q = 0.0015*H2 + 0.0647*H – 31.762 0.79 307 – 1197 m
A képletek segítségével azonban csak a 
meanderező mederszakaszok egykori víz-
hozamát tudtuk meghatározni. Az egye-
nes és fonatos medrek esetében másként 
kellett eljárni. Ezeknél a keresztszelvé-
nyek becsült területe, valamint a meder-
esés alapján az ún. Manning képletet 
felhasználva számítottuk ki a mederki-
töltő, egyben mederformáló vízhozamot 
(Baker et al. 1988). A keresztmetszeti 
paramétereket fúrások, szedimen toló giai 
vizsgálatok, geoelektromos szelvénye-
zés (ERT) segítségével határoztuk meg. 
Az esést topográfiai térképek és SRTM 
domborzatmodell alapján számítottuk.
Geoelektromos és szedimentológiai 
szelvényeket 6 mintaterületen készítet-
tünk. A mérések célja a durvább szemcse-
összetételű, homokos, aprókavicsos 
medertalp azonosítása volt, mely alapján 
az egykori medrek átlagmélysége meg-
határozhatóvá vált. A vizsgálati területe-
ken mintegy 2 000 m hosszon történtek 
a geofizikai mérések (4. ábra), miközben 
összesen 38 üledéktani fúrást mélyítet-
tünk (maximális mélység 5,40 m, átlagos 
mélység 2–3 m). A fúrásokból 10 cm-
ként vettünk mintákat, összesen mintegy 
1 600-at gyűjtöttünk (5. ábra). Ezeket 
Cu toate acestea, metoda de mai sus este 
aplicabilă doar pentru râurile cu un canal 
sinuos, meandrat. În cazul secţiunilor 
rectilinii sau despletite putem estima 
valorile debitelor maxime ale albiilor 
minore utilizând ecuaţia Manning, care 
utilizează suprafaţa secţiunii transversale 
şi înclinarea canalului (Baker et al. 1988). 
Suprafaţa şi parametrii secţiunii paleo-
canalului au fost determinaţi prin inves-
tigaţii sedimentologice şi geoelectrice 
(ERT). Panta a fost extrasă din modelele 
digitale ale terenului obţinute din curbele 
de nivel ale hărţilor topografice şi a date-
lor SRTM.
Datele sedimentologice şi profilele 
geoelectrice au fost obţinute din 6 situri 
reprezentând atât secţiuni meandrate 
cât şi despletite ale râului. Principalul 
scop al măsurătorilor a fost identifica-
rea nivelului original al patului albiei, de 
obicei reprezentat de prezenţa nisipu-
rilor grosiere. Astfel adâncimea medie a 
canalelor a putut fi determinată. În total 
au fost obţinuţi aproximativ 2 000 m de 
secţiuni geofizice (Fig. 4) şi au fost rea-
lizate 38 de foraje (adâncimea maximă: 
5,4 m, adâncimea medie: 2–3 m). Prele-
varea probelor s-a făcut la fiecare 10 cm 
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azután a pályázat keretében megvásá-
rolt lézeres szemcseösszetétel meghatá-
rozó berendezés segítségével elemeztük 
(Fritsch Analysette 22 MicroTec plus). 
A vizsgálatok során a vízhozam megha-
tározáson túl összevetettük a geofizikai 
és szedimentológiai adatokat, megha-
tároztuk a mintaterületekre jellemző 
fajlagos ellenállás értékeket, valamint 
becsültük az egykori vízfolyások energia 
viszonyait is.
ai carotelor, astfel că aproximativ 1 600 
de probe au fost colectate pentru analiză 
(Fig. 5). Măsurătorile sedimentologice au 
fost realizate cu un analizator granulome-
tric automat cu laser (Fritsch Analysette 
22 MicroTec plus), achiziţionat din pre-
zentul proiect. În timpul analizei în afara 
determinării debitelor s-a urmărit şi rela-
ţia dintre textura materialelor şi datele 
geoelectrice, determinarea valorilor 
rezistivităţii electrice specifice fiecărui sit 
şi estimarea energiei paleo-râurilor.
4. ábra: Georadaros és geoelektromos felmérések a különböző mintaterületeken (A, B, E – 
 Orosháza, C, D – Kövegy, F – Nagyszentmiklós).
Fig. 4: Rezultatele profilării geoelectrice şi GPR în diferite situri de investigate (A, B, E –  Orosháza; 
C, D – Kövegy; F – Sânnicolau Mare).
Fig. 4: Ground penetrating radar and geoelectric surveys at different sampling sites (A, B, E – 






5. ábra: (A, B, C, D) Fúrás és mintagyűjtés szemcseösszetételi vizsgálatokhoz. (E) A homokos üle-
dék sok esetben jól jelzi az egykori medertalpat. (F) A mérésekhez használt műszer.
Fig. 5: (A, B, C, D) Carotarea şi prelevarea de probe pentru analiza de granulometrie. (E) 
Sedimentele nisipoase sugerând cu precizie patul albiei în câteva cazuri. (F) Instrumentul utilizat 
pentru analiza granulometrică.
Fig. 5: (A, B, C, D) Drilling and sampling for grainsize analysis. (E) The sandy sediments signed 








A kétdimenziós elektromos szelvényezést (ERT) PASI 16GS24N gyártmányú műszer-
rel végeztük 32 elektródát alkalmazva (4. ábra). A kijelölt szelvényeket Wenner alfa (Wα) 
elektróda elrendezéssel mértük fel. Ennek előnye, hogy más elrendezésekkel összehasonlítva 
gyors, és kevésbé érzékeny a horizontális inhomogenitásra (Milsom 2003). A jobb felbontás 
érdekében az elektródák közötti távolságot 2 méterre állítottuk. A szelvények kiértékelése 
RES2DINV szoftverrel történt.
A szemcseösszetétel vizsgálatokat megelőzően HCl és H2O2 segítségével távolítottuk el a 
minták karbonát és szervesanyag tartalmát, majd szárításukat követően enyhén porítottuk 
őket. A vizsgálatok során a mintákat 3 percig homogenizáltuk a mérőműszerbe épített ultra-
hang (36 kHz, 60 W) segítségével (5. ábra). A mérés két lineárisan polarizált He-Ne lézerrel 
történt; zöld (532 nm, 7 mW) és infravörös (940 nm, 9 mW) tartományban. Az alkalmazott 
műszer alsó és felső mérési határa 0,08 és 2000 μm. A mérések 108 csatornán történtek, így 
kvázi folytonos spektrumokat kaptunk a szemcseeloszlásra vonatkozóan. A vizsgálatot min-
den minta esetében háromszor ismételtük, és a harmadik mérés eredményét használtuk a 
további elemzésekhez (Kun et. al. 2012). A kiértékelés során meghatároztuk a minták szem-
cseeloszlásának statisztikus paramétereit (módusz, medián, szórás, ferdeség és csúcsosság, 
valamint D10, D50, D90 értéke), amiből az ülepítő közeg energia-viszonyaira következtettünk.
Az egykori mederkitöltő vízhozamok meghatározása a Manning képlet segítségé-
vel történt, mely a keresztmetszeti paramétereket illetve a mederesést veszi figyelembe 
(Qb = A * R
2/3 * S1/2·* 1,49/n, azaz Qb = w * d
5/6 * S1/2 * 1,49/n, ahol A – keresztmetszet területe, 
R – a keresztmetszet nedvesítet kerülete, S – a meder esése, w – a meder szélessége, d – 
a meder mélysége, n – Manning féle érdességi paraméter). Az alkalmazott képletnek csak 
egy kikötése van, miszerint a meder szélessége nagyságrenddel nagyobb kell legyen mint a 
mélysége (Baker et al. 1988). A képletben szereplő érdességi paraméter értéke a természe-
tes vízfolyások esetében 0,03-0,08 között változik. A számításoknál a mai Marosra jellemző 
érdesség értéket vettük alapul, amit a Makónál mért vízhozam adatokból határoztunk meg 
(n=0,056). A mederkitöltő vízhozam mellett meghatároztuk az egykori vízfolyások sebessé-
gét (v = R2/3 * S1/2·* 1,49/n, ahol v – a vízfolyás átlagsebessége) valamint a fajlagos munkavégző 
képességét (ω = φ·* g * Q * S/w, ahol ω – a fajlagos munkavégzőképesség, φ – a folyadék sűrű-
sége, g – a gravitációs gyorsulás). A számítások során figyelembe vettük a több szelvényben is 
meghatározott adatok szórását, és ezt hibaként beépítettük az eredményekbe (Taylor 1983).
Profilele geoelectrice 2D (ERT) au fost realizate cu un sistem PASI 16GS24N echipat cu 32 
de electrozi (Fig. 4). Profilele obţinute au folosit un aranjament al electrozilor de tip Wenner 
alpha (Wα). Avantajul acestei geometrii constă în eficienţa ridicată, fiind mai puţin senzitiv la 
neuniformităţile orizontale (Milsom, 2003). Pentru obţinerea rezoluţiei necesare spaţiul din-
tre electrozi a fost setat la 2 m. Evaluarea profilelor a fost realizată cu programul RES2DINV.
Probele sedimentologice pentru măsurătorile granulometrice au fost tratate cu HCl şi H2O2 
pentru îndepărtarea carbonaţilor şi a conţinutului organic, iar apoi după uscare acestea au 
fost zdrobite uşor. Înaintea măsurătorilor probele au fost omogenizate pentru 3 minute în 
camera cu ultrasunete a aparatului (36 kHz, 60 W) (Fig. 5). Măsurătorile au fost efectuate cu 
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Azt hogy az egykori Maros medrek mikor 
jöttek létre és meddig voltak aktívak OSL 
(optikailag stimulált lumineszcencia) 
mérések segítségével vizsgáltuk. A mód-
szerrel megállapítható ugyanis, hogy a 
medreket felépítő homokos, iszapos üle-
déket mikor érte utoljára fény. Ez az idő-
pont megegyezik az üledék lerakódásá-
nak, végső soron a vizsgált mederformák 
kialakulásának idejével. A fentieknek meg-
felelően a mintagyűjtés során az üledéket 
nem érheti fény, illetve a méréseket sötét-
laborban kell végezni. A vizsgálatokat szá-
mos lépésből álló kémiai és fizikai előké-
szítés előzi meg, melynek során a minták 
kvarc tarlamát kell elkülöníteni (6. ábra).
A kutatás során 27 db mintát gyűj-
töttünk azon elhagyott medrekhez 
Vârsta canalelor abandonate a fost deter-
minată cu ajutorul metodei OSL (lumi-
nescenţă stimulată optic). Cu ajutorul 
acestei metode este posibilă determinarea 
timpului când sedimentele nisipo-pră-
foase din compoziţia canalelor investigate 
au fost ultima dată expuse luminii soare-
lui. Astfel, se poate afla vârsta sedimente-
lor îngropate şi a diferitelor canale. Prin 
urmare sedimentele nu trebuie expuse la 
lumină pe durata prelevării şi a analizei 
de laborator, care trebuie să se efectueze 
într-o cameră obscură. Măsurătorile sunt 
precedate de câteva proceduri chimice şi 
fizice cu scopul de a separa cuarţul pur de 
restul probei (Fig. 6).
În total 27 de probe au fost colec-
tate din sedimentele paleo-albiilor 
două lasere liniare polarizate He-Ne în domeniile: verde (532 nm, 7 mW) şi infraroşu (940 nm, 
9 mW). Intervalul de determinare a texturii este cuprins între 0,08 şi 2000 μm, măsurătorile 
sunt efectuate în 108 canale, astfel că un spectru al texturii cvasi-continuu este asigurat. Măsu-
rătorile au fost repetate de câte trei ori în cazul fiecărei probe şi rezultatul ultimei măsurători 
a fost folosit pentru  analiza finală (Kun et al., 2012). Pe durata evaluării au fost determinaţi 
diferiţi parametrii statistici (modul, mediana, deviaţia standard, asimetria, indicele kurtosis şi 
valorile lui D10, D50 şi D90) pentru a descrie modul de sedimentare şi energia.
Debitul paleo-albiilor minore a fost determinat cu ajutorul ecuaţiei Manning, care ia în 
considerare parametrii secţiunii transversale şi panta albiei (Qb = A * R
2/3·* S1/2·* 1,49/n, i.e. 
Qb = w * d
5/6 * S1/2 * 1,49/n, unde A – suprafaţa secţiunii transversale, R – perimetrul secţiunii 
transversale cu scurgere, S – panta albiei, w – lãţimea albiei minore, d – adâncimea albieim 
n – coeficientul de rugozitate Manning). Ecuaţia are o singurã restricţie, şi anume, lãţimea 
râului trebuie sã fie mai mare decât adâncimea cu cel puţin un ordin de magnitudine (Baker 
et al. 1988). Valoarea coeficientul rugozitãţii folositã în aceastã ecuaţie este de obicei între 
0.03 and 0.08 în cazul scurgerii naturale. Valoarea rugozitãţii folosită în realizarea calule-
lor (n=0.056) a fost determinată pe baza debitelor măsurate la staţia hidrometrică Makó. În 
afara debitelor paleo-albiilor minore, viteza apei (v = R2/3 *·S1/2·* 1,49/n, unde v: viteza medie 
a scurgerii) şi energia speicifă a râului (ω = φ * g * Q * S/w, unde ω: energia speicifă a râului, 
φ: densitatea lichidului, g: acceleraţia gravitaţională) corespunzătoare paleo-albiilor minore 
a fost determinată. Parametrii secţiunii transversale au fost determinaţi în câteva puncte ale 
albiei, valorile au fost mediate, iar deviaţia standard a fost luată în calcul în stabilirea marjei 
de eroare a rezultatelor finale (Taylor 1983).
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kapcsolódóan, melyek egy-egy régebbi 
csapásirány (medergeneráció) jellegzetes 
képviselőinek bizonyultak a korábban már 
említett térképezés és morfológiai vizsgá-
latok alapján. A mintákat olyan formákból 
gyűjtöttük (elsősorban övzátonyokból és 
szigetekből), melyek jól jelzik az egykori 
folyó útját, illetve felszínformálásának 
 idejét.
considerate reprezentative pentru diferite 
generaţii ale albiei, ex.: traseul principal 
al unui paleo-râu. Prelevarea a vizat acele 
forme – în primul rând renii şi insule–, 
care pot fi încadrate cu certitudine ulti-
mei faze active de formare a canalului şi 
de depunere a sedimentelor, elemente 
surprinse de analiza noastră morfologică 
anterioară.
6. ábra: (A, B) Mintagyűjtés kormeghatározáshoz bolygatatlan mintagyűjtő patron segítségé-
vel. (C) A feltárások során kinyert kvarc frakció 1 cm átmérőjű acél korongokra ragasztva. (D) 
A korongok behelyezése a mérőműszer mintahordozó tárcsájába.
Fig. 6: (A, B) Prelevare de probe pentru datarea prin luminescenţă cu ajutorul unui cilindru de 
prelevare special. (C) Fracțiunea pură de cuarţ extrasă lipită pe discuri cu diametru de 1 cm. (D) 
Poziţionarea discului în dispozitivul tip carusel al instrumentului
Fig. 6: (A, B) Sampling for luminescence dating with the help of an undisturbed sampling cylinder. 
(C) The extracted pure quartz fraction glued on 1cm diameter steel discs. (D) Placing the discs in 






Az OSL kormeghatározáshoz a minták homokos 90–150 μm és 150–220 μm szemcseátmé-
rőjű kvarc frakcióját használtuk fel (6. ábra). A laboratóriumi előkészítés során eltávolítottuk 
a minták karbonát és szervesanyag tartalmát (HCl és H2O2 felhasználásával), nehézfolya-
dék (LST) segítségével leválasztottuk a kvarc szemcséket, ezeket hidrogén-fluoriddal (HF) 
marattuk, majd acél hordozó korongokra rögzítettük szilikon segítségével. A mérések során a 
minta által az eltemetődés óta elnyelt radioaktív dózis (paleodózis) nagyágának megállapítása 
a cél, mely összetett tesztek és mérések segítségével lehetséges (Novothny és Ujházy 2000, 
Onac 2004, Sipos et al 2009). 
A paleodózis meghatározásához RISØ TL/OSL DA-15 típusú béta sugárforrással ellátott 
műszert használtunk. A mintákat 470 nm-es kék fénnyel stimuláltuk, detektáláshoz Hoya 
U-340 szűrőt alkalmaztunk. A mérések során a széles körben alkalmazott egymintás rege-
nerációs protokollt (SAR), illetve az ahhoz kapcsolódó ellenőrző vizsgálatokat végeztük 
el (Wintle és Murray 2006). Ennek során egy mintára vonatkozóan számos mérés (48–72 
mérés) történt, ezek eredményeit statisztikailag elemeztük (Galbraith et al. 1999), majd meg-
adtuk az elnyelt dózis legvalószínűbb értékét (Fig. 7).
A kor kiszámításához szükség van még az egységnyi idő alatt elnyelt radioaktív dózis (dózis-
ráta) meghatározására is, melyet a minta környezetében lévő üledékek természetes radioaktív 
elem (urán, tórium, kálium) tartalma határoz meg. Ezek koncentrációját alacsony hátterű Ge 
detektorral felszerelt Canberra típusú gamma spektrométer segítségével vizsgáltuk.
Pentru datarea cu OSL au fost folosite nisipurile cu o fracţiune cuarţoasă cuprinsă între 
90–150 μm şi 150–220 μm (Fig. 6). Principalii paşi ai preparării probelor în laborator au fost: 
îndepărtarea materiei carbonatice şi organice cu ajutorul acizilor (HCl, H2O2), separarea gra-
nulelor de cuarţ prin metoda separării lichidelor cu densitate mare (LST), purificarea probei 
cu gravură de fluorură de hidrogen (HF) şi lipirea probei pure de cuarţ pe discuri din oţel 
inoxidabil cu silicon. Scopul precis al măsurătorii îl constituie determinarea cantității dozei 
radioactive (paleodoză) absorbite de probă din momentul îngropării sale, care poate fi făcută 
prin teste şi măsurători complexe (Novothny şi Ujházy 2000, Onac 2004, Sipos et al 2009).
Cantitatea paleodozei absorbite a fost determinată cu ajutorul unui sistem automat de 
determinare a luminescenţei  RISØ TL/OSL DA-15 dotat cu o sursă radioactivă beta. Probele 
au fost stimulate cu o lumină albastră de 470 nm. Pentru măsurători a fost folosit cel mai 
comun protocol, acela al probei de regenerare (SAR) pentru determinarea adecvată a para-
metrilor măsurătorii (Wintle şi Murray 2006). Fiecare probă a fost divizată în numeroase sub-
probe (48–72 buc.), rezultatele măsurătorilor fiind analizate statistic (Galbraith et al. 1999) 
astfel că cea mai probabilă valoare a dozei absorbite a fost identificată (Fig. 7).
Calcularea vârstelor necesită încă un parametru, şi anume, cantitatea dozei absorbite/uni-
tate de timp, sau în alte cuvinte, rata dozei, care este determinată de cantitatea de elemente 
radioactive naturale (uraniu, thoriu, potasiu) din sedimente. Concentraţia acestora a fost 
măsurată utilizând un spectrometru Canberra Ge gamma.
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7. ábra: A részmintákból mért dózis értékek gyakorisági eloszlása két minta esetében. Jól látszik 
a folyóvízi minták jellegzetessége, miszerint az üledékszállítás és -lerakódás során nem minden 
szemcsét ér kellő mértékű napsugárzás, így egyes részminták nagyobb dózist, azaz idősebb kort 
tükröznek a valósnál. Emiatt van szükség a minták statisztikai elemzésére, a legfiatalabb, egyben 
leggyakoribb értékek leválogatására.
Fig. 7: Distribuţia valorii paleodozei măsurate în cazul a două probe. Trăsătura caracteristică 
sedimentelor fluviale este uşor vizibilă, şi anume în timpul transportului sedimentelor unele gră-
unţe nu sunt expuse adecvat luminii soarelui, astfel că unele subprobe vor produce valori mai 
mari ale dozei şi de vârstă decât celelalte. Aceasta se datorează faptului că grupul de subprobe 
tânăr de obicei surprinde vârstele reale şi trebuie separat statistic.
Fig. 7: The distribution of the measured palaeodose values in case of two samples. The charac-
teristic feature of fluvial sediments is well visible, namely during sediment transport some grains 
are not exposed adequately to sunlight, thus certain subsamples will yield higher dose values and 




A térképezés és geomorfológiai értéke-
lés alapján a hordalékkúp közel 10 000 
km2 területű (1. ábra). Legnagyobb része 
Békés és Arad megyékben található, de 
Csongrád és Temes megyei kiterjedése is 
jelentős, sőt kisebb részben Szerbiába is 
átnyúlik. Északi peremét a Körös jelöli ki, 
a Maros egykori medrei a felszínen majd-
nem egészen Békéscsabáig nyomozhatók. 
Nyugat-délnyugat felől a Tisza ártere, 
délről a Béga egykori medrei határolják 
Rezultate
Geomorfologie
Pe baza cartografierii şi evaluării geo-
morfologice suprafaţa totală a conului de 
aluviuni se apropie de 10 000 km2 (Fig. 1). 
Acesta se extinde în special în judeţele 
Békés şi Arad, dar teritorii importante 
ocupă şi în Csongrád şi Timiş, iar o mică 
parte chiar şi în Serbia. În partea nordică 
conul aluvionar este mărginit de râul Criş, 
canalele abandonate ale Mureşului ajun-
gând până la Békéscsaba în partea nor-
dică. În vest şi nord-vest se învecinează 
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(8. ábra). A hordalékkúp legmagasabb és 
legalacsonyabb pontja között több mint 
30 m a szintkülönbség. Habár a hordalék-
kúp egésze süllyed, egyes területeken ez a 
folyamat lassabb, így a Maros a Battonyai-
hát, valamint az ennek folytatásában lévő 
Vingai-plató között látványos folyóvízi 
teraszokkal szegélyezett völgyet alakított 
ki az elmúlt évezredek során (9. ábra).
A hordalékkúp felszínén megfigyel-
hető elhagyott medrek alapján számos 
medergenerációt különítettünk el (8. 
ábra), ezek adták az alapot a vízhozam 
és a koradatok meghatározásához. A 
medergenerációk eltérő mintázattal ren-
delkeztek, illetve a medrek méretei is igen 
különbözőek. Mindez már jelzi, hogy 
egészen más vízhozamok mellett jöhet-
tek létre, ami eltérő éghajlati viszonyokra 
utal kialakulásuk idején. A medrek min-
tázatát, formáját azonban nem csak ez, 
hanem hordalékkúpi helyzetük, a horda-
lék összetétele, illetve a felszín lejtése is 
befolyásolta. Ez utóbbi szempontjából a 
hordalékkúp 3 eltérő zónára osztható (8. 
ábra): egy 20–25 cm/km eséssel rendel-
kező Orosháza-Battonya-Lovrin vonaláig 
terjedő felső zónára, melyet elsősorban 
fonatos medrek jellemeznek, majd egy 
25–30 cm/km esésű meredekebb zónára, 
ahol az egykori vízfolyások többsége 
– még a fonatosok is – hatalmas kanya-
rulatokat alakított ki, végül egy újból 
kisebb, 22–27 cm esésű peremi zónára, 
melyen a medrek esetenként visszatérnek 
a felső zónában jellemző mintázathoz, de 
többnyire a meanderezés kerül előtérbe. 
A meredek középső zónát tekinthetjük 
az intenzív hordaléklerakás határának, 
felette az elágazó fonatos medrek nagy 
mennyiségű görgetett hordalékkal töl-
tögették a hordalékkúpot, alatta viszont 
cu câmpia aluvionară a Tisei, iar în sud 
sunt delimitate de valea Begăi (Fig. 8). 
Diferenţa de nivel maximă între cea mai 
ridicată şi cea mai coborâtă altitudine 
a conului este de 30 m. Cu siguranţă că 
unele suprafeţe au fost afectate de ridicări 
tectonice importante şi, ca o consecinţă, 
râul a dezvoltat o vale spectaculoasă cu 
terase între zona ridicată a Battonyiei şi 
câmpia înaltă a Vingăi (Fig. 9).
Analizând canalele abandonate ale râu-
lui au fost identificate mai multe genera-
ţii (Fig. 8). Calcularea debitului şi datarea 
depozitelor fluviale au vizat principalele 
rute de drenaj ale râului. Diferite tipuri 
structurale de canale cu o varietate foarte 
mare în ceea ce priveşte dimensiunile au 
fost descoperite. Toate acestea ne-au indi-
cat faptul că albiile au fost configurate la 
debite foarte diferite, pe fondul unui climat 
ce a prezentat diferenţe mari în decursul 
evoluţiei râului. Tipul albiilor şi mărimea 
acestora au fost influenţate de poziţionarea 
acestora în cadrul conului, de compoziţia 
sedimentologică şi de panta terenului. Din 
această perspectivă conul de aluviuni poate 
fi separat în trei zone distincte (Fig. 8). Cea 
mai ridicată zonă se întinde pe aliniamentul 
Orosháza-Battonya-Lovrin şi are o pantă 
medie de 20–25 cm/km, fiind caracteri-
zată de prezenţa canalelor despletite. Zona 
mediană este constituită dintr-o bandă 
îngustă cu o înclinare de 25–30 cm/km pe 
unde au curs majoritatea paleo-râurilor 
– chiar şi cele despletite – formând mean-
dre. Zona cea mai joasă cu pante de 22–27 
cm/km consfiinţeşte revenirea canalelor 
la tipul specific zonelor ridicate, dar cur-
surile meandrate devin dominante. Zona 
mediană cu pante mari poate fi considerată 
limita de acumulare sedimentară intensă. În 
amonte de această zona canalele despletite 
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a lebegtetett hordalék válik dominánssá 
(8. ábra).
A legnagyobb, helyenként akár 2 km 
szélességű fonatos medrek három meder-
generációban jelentkeznek, egyrészt a 
Nagy ka ma rás–Pusztaottlaka–Csanád-
apáca–Orosháza, másrészt Kun ágota–
Pit va ros–Kövegy–Apátfalva, illetve 
Romá niában a Perjámos–Pesac–Nagy-
komlós vonalon (8. ábra). Ezeket hatal-
mas szigetek, zátonyok és folyóhátak 
jellemzik, amelyek helyenként jelenleg is 
1,5–2 m-rel magasabbak, mint a horda-
lékkúp síkja. Ily módon ezek a földrajzi 
formák mindenkor biztonságos megtele-
pedési lehetőséget nyújtottak az egykor 
itt élő népeknek és kultúráknak.
A felszínen ma is látható medrek több-
ségét azonban egy meanderező, egyko-
ron több ágra szakadó folyó hagyta hátra. 
A legnagyobb kanyarulatok Makótól 
északkeletre, valamint Mezőkovácsháza, 
Csabacsűd és Zimándújfalu (Zimandu 
Nou) környékén találhatóak (8. ábra). 
Esetenként megfigyelhető (pl. Tótkom-
lós vagy Perjámos (Periam) térségében) 
amint egyik-másik fiatalabb medergene-
ráció felülírja idősebb társát, s gyakorla-
tilag elmossa a régebbi formákat. Hason-
lóan figyelemre méltó jelenség, amikor 
egy nagyobb vízhozamú mederben a víz-
szállítás hirtelen visszaesik és a korábbi 
méretes kanyarulatokat a fiatalabb vízfo-
lyás mintegy kifodrozza (misfit jelenség). 
Erre talán a legszebb példát Csanádalberti 
és Királyhegyes térségében találhatjuk 
(8. ábra).
au depozitat cantităţi mari de sedimente 
transportate pe fund, în aval rolul celor în 
suspensie fiind mai mare (Fig. 8).
Cele mai largi albii minore, măsu-
rând în unele cazuri chiar 2 km lăţime 
corespund generaţiilor de canale situate 
în lungul aliniamentelor Nagykamarás–
Puszta ottlaka–Csanádapáca–Orosháza, 
Kunágota–Pitvaros–Kövegy–Apát falva 
şi Periam–Pesac–Comloşu Mare (Fig. 
8). Aceste canale sunt caracterizate de 
prezenţa unor insule enorme şi a grin-
durilor care se ridică deasupra câmpiei 
aluvionare cu 1,5–2 m, asigurând în tre-
cut o locaţie mai sigură pentru localităţile 
zonei şi pentru culturile acestora. 
Majortatea canalelor detectate la 
suprafaţa conului au fost formate în 
conjuncţie cu  sectoarele meandrate ale 
paleo-râului. Cele mai extinse benzi sunt 
localizate la nord-est de Makó şi lângă 
Mezőkovácsháza, Csabacsűd şi Zimandu 
Nou (Fig. 8). Uneori în vecinătatea unor 
localităţi, ca de exemplu Periam sau 
Tótkomlós, este evidentă suprapunerea 
unor generaţii mai noi peste cele vechi, 
spălând practic depozitele precedente 
şi redesenarea canalelor precedente. Un 
alt fenomen geomorfologic interesant 
se produce atunci când debitul unui râu 
scade ca rezultat al unor meandre foarte 
dezvoltate şi acestea sunt gâtuite de către 
canale secundare. Un bun exemplu în 
această direcţie poate fi întâlnit lângă 
Csanádalberti şi Királyhegyes (Fig. 8).
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8. ábra: A Maros hordalékkúp felszínén található elhagyott medrek és a mintavételi pontok. 
(A: hordalékkúp határa, B: elhagyott medrek a hordalékkúp felszínén, C: jelenkori folyó, D: állam-
határ, E: OSL mintavételi pontok, F: szedimentológiai-geofizikai felmérések helye.)
Fig. 8: Paleo-albiile şi siturile de prelevare de pe conul de aluviune al Mureşului. (A: limita conului 
aluvionar, B: paleo-albiile abandonate, C: râul actual, D: graniţa de stat, E: siturile de prelvare a 
probelor OSL, F: Siturile investigaţiilor geofizice.)
Fig. 8: Palaeochannels and sampling sites on the alluvial fan of the Maros River. (A: border of the 
alluvial fan, B: abandoned palaeochannels on the surface, C: present river, D: state-border, E: sites 
of OSL sampling, F. sites of the geophysical surveys.)
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9. ábra: Folyóvízi terasz pereme Németszentpéternél (Sânpetru German).
Fig. 9: Fruntea terasei fluviale de la Sânpetru German.
Fig. 9: The edge of the fluvial terace at Sânpetru German.
Vízhozam és hidrológia
A meanderek geometriai paraméterei, 
illetve a keresztszelvények területe alap-
ján számított egykori vízhozamok széles 
tartományban ingadoztak. A legnagyobb 
keresztmetszeteket az orosházi és kövegyi 
fonatos medrek esetében találtuk (10. 
ábra). Számításaink alapján ezek másod-
percenként 2000–2500 m3 vizet szállít-
hattak telt meder esetén (2. és 3. táblázat), 
nagyobb áradások során azonban e víz-
mennyiség többszöröse is lefolyhatott a 
Maros egykori medreiben. Összehasonlí-
tásként a folyó jelenlegi ún. mederkitöltő 
vízhozama Makónál mindössze 600–700 
m3/s, míg az 1970-es rekord árvíz során 
másodpercenként 2420 m3 vizet szállított. 
Érzékelhető, milyen aktívan formálhatta 
medrét a Maros amikor a múltban Oros-
háza, Kövegy esetleg Pesac irányába folyt. 
A fenti vízhozamok viszonylag sekély 
(átlagosan 2–3 m, maximum 4–5 m mély) 
viszont akár km széles medrekben veze-
tődtek le, így jöhettek létre a ma is kiraj-
zolódó hatalmas zátonyok és szigetek 
(10. ábra).
Debite şi hidrologie
În funcţie de parametrii geometrici 
ai meandrelor şi a suprafeţei secţiunii 
transversale se poate afirma că valorile 
debitului au variat între limite largi în 
trecut. Cele mai late secţiuni transver-
sale au fost specifice cursurilor desple-
tite de la Orosháza şi Kövegy (Fig. 10). 
S-a constatat că la debite maxime râul 
transporta 2000–2500 m3/s (Tabele 2 şi 
3), iar la inundaţii valorile erau mult mai 
ridicate. Pentru comparaţie trebuie preci-
zat că debitul actual al Mureşului este de 
600–700 m3/s, în timp ce la inundaţiile 
din 1970 au atins 2420 m3/s. Ne putem 
imagina ce putere avea Mureşul în tre-
cut când curgea pe la Orosháza, Kövegy, 
sau Pesac. Aceste cantităţi uriaşe de 
apă au fost drenate de canale destul de 
puţin adânci, cu o adâncimea medie de 
2–3 m, şi o adâncime maximă de 4–5 m, 
dar având lăţimi de ordinul kilometrilor, 
de aceea s-au format renii şi insule de 
dimensiuni considerabile, putând asfel 
să fie detectate cu uşurinţă şi în prezent 
(Fig. 10).
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10. ábra: Az egykori mederkeresztmetszetek rekonstrukciója a szedimetológiai vizsgálatok alapján.
Fig. 10: Reconstrucţia secţiunii transversale a albiilor minore pe baza datelor sdimentologice.
Fig. 10: Reconstruction of the palaeochannel cross-sections on the basis of sedimentological data.
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Azokban az időszakokban amikor a 
Maros a vízgyűjtőről érkező vizet kanyar-
gós, meanderező medreken továbbította, 
a vízhozam valamivel alacsonyabb lehe-
tett, bár a felülnézeti paraméterek alapján 
ezek a szakaszok is esetenként 1500–2000 
m3/s-os vízhozamokat jeleznek. Néhány 
meder esetében ettől azonban jelentősen 
eltérő értéket kaptunk a kiszerkesztett 
mederkeresztmetszetek alapján (2. és 3. 
táblázat). Ennek oka az lehet, hogy bár 
esetenként nagyméretű kanyarulatokat 
fejlesztett a Maros, ezek mélysége a nagy 
mértékű hordalékszállítás miatt mégsem 
lehetett akkora, mint az más folyókon, 
pl. a Tiszán napjainkban jellemző. Ezért 
a fenti medrek kisebb mennyiségű vizet 
szállítottak, mint azt a felülnézeti para-
méterek alapján gondolnánk. Mindez 
rámutat arra, hogy az egykori vízhozamo-
kat érdemes több módszerrel is meghatá-
rozni.
Vizsgálataink alapján a medertalpak 
durva üledéke jól elkülönült az geo elek-
tro mos szelvényeken (11. ábra), azaz 
a geofizikai méréseket a későbbiekben 
alkalmazni lehet a meder-keresztmet-
szetek kiszerkesztéséhez, ezáltal az egy-
kori vízhozamokat pontosabb meghatá-
rozásához.
A vízhozam és esésviszonyok alapján a 
Maros átlagsebessége több fonatos meder 
esetében is elérhette az 1 m/s-os érté-
ket, amely a számított vízhozam értékek 
mellett tekintélyes munkavégző-képes-
séget kölcsönözhetett a folyó számára. 
Igaz, a meder egységnyi felületére jutó 
ún. fajlagos munkavégző-képesség jelen-
tősen nem haladta meg a Maros jelen-
legi, 10 W/m2 körül ingadozó nagyvízi 
értékeit (Fiala et al. 2007) (3. táblázat).
În perioadele în care Mureşul drena apa 
de pe suprafaţa bazinului prin interme-
diul canalelor  sinuoase, cantitatea de apă 
transportată era probabil mai scăzută, deşi 
parametrii meandrului relevă existenţa 
ocazională a unor debite de 1500-2000 
m3/s în diferite perioade din trecut. Cu 
toate acestea, anumite canale determinate 
cu ajutorul metodelor geofizice şi a celor 
sedimentologice au indicat existenţa unor 
debite semnificativ mai reduse (Table 2 
şi 3). Un posibil motiv este acela că deşi 
Mureşul a dezvoltat meandre largi, adân-
cimea acestora nu era cea aşteptată, cum 
este cazul râului Tisa spre exemplu, deoa-
rece transportul de sedimente în supensie 
era ridicat. Ca o consecinţă,  aceste canale 
au transportat mai puţină apă decât am fi 
estimat pe baza parametrilor planiformi ai 
canalului. Toate acestea subliniază nece-
sitatea utilizării ambelor metode pentru 
reconstruirea debitelor în viitor.
Compararea datelor geofizice şi sedi-
mentologice indică clar că sedimentele 
grosiere ale albiilor pot fi recunoscute 
cu uşurinţă pe profilele geoelectrice 
(Fig. 11). Ca atare, măsurătorile geofizice 
pot fi aplicate în viitor pentru investigarea 
transversală a paleo-canalelor şi estima-
rea debitelor.
Pe baza datelor de debit şi a înclină-
rii terenului viteza medie a Mureşului 
a fost estimată până la valori de 1 m/s 
în cazul anumitor albii despletite, ceea 
ce înseamnă că puterea dezvoltată de 
Mureş putea fi considerabilă. Este adevă-
rat că aşa-numita energie specifică a râu-
lui exercitată pe o unitate de suprafaţă a 
canalului este apropiată de cea calculată 
pentru râul actual în zona Makó (Fiala et 
al. 2007) (Tabelul 3).
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2. táblázat: Az egyes meanderező medergenerációk átlagos mederkitöltő vízhozamai (Qb) a főbb 
felülnézeti paraméterek alapján.
Tabelul 2: Valorile debitelor descărcate (Qb) ale generaţiilor de canale ale mendrelor, pe baza 
parametrilor orizontali. 














649 423 405 493
225 70 61 119 (misfit)
Pusztaföldvár 1154 765 770 896
Királyhegyes
673 570 281 508
58 13 10 27 (misfit)
Makó-Rákos 2199 2087 2376 2220
Szikáncs 1919 1076 1899 1631
Orosháza 2497 2462 3006 2655
Kétegyháza 1327 908 998 1078
Kondoros 1084 524 774 794
Csabacsüd 2853 1474 2955 2427
Horia 3164 1860 1642 2222
Sânpaul 1450 1513 577 1180
Sânnicolau Mare 2289 1988 1027 1768
Aranka 1817 1755 706 1426
Rc: kanyarulati sugár/raza curburii/radius of curvature, L: meander hullámhossz/lungimea de undă a meandrului/meander 
wavelength, H: húrhossz/lungimea corzii/chord length, Qb: mederkitöltő vízhozam/debitele descărcatebankfull discharge
3. táblázat: A felmért medrek keresztmetszeti adatai, az őket kialakító vízfolyás számított vízho-
zama, sebessége, munkavégzőképessége.
Tabelul 2: Principalele date ale secţiunilor transversale ale canalelor investigate şi valorile 
calculate ale debitelor, vitezei şi puterii curentului.
Table 3: The main cross-sectional data of the surveyed channels and calculated discharge, 





















Horia M 590 2.38±0.7 210±35 18.9±0.8 330±10 0.47 2.91
Makó-Rákos M 640 3.08±0.9 180±30 24.2±0.4 500±5 0.63 6.60
Orosháza M 2410 4.05±0.9 595±80 22.5±1.0 2445±645 1.01 9.64
Kövegy B 2530 2.69±1.4 620±210 46.3±2.7 1890±150 0.98 13.85
Pesac B 2380 2.19±0.8 870±260 51.43±8.4 1970±290 0.79 11.42
Orosháza B 3030 2.70±0.7 1120±140 20.3±0.3 2220±640 0.73 3.84
Makó – present 500 3.6 140 27 850 0.60 10.60
M: meanderező/meandrat/meandering, B: fonatos/despletit/braided, A: keresztmetszet területe/aria secţiunii transversale 
/cross-sectional area, d: átlagmélység/adâncimea medie/mean depth, w: átlag szélesség/lăţimea medie/mean width, sc: 
mederesés/panta canalului/channel slope, Qb: mederkitöltő vízhozam/debitele descărcate/bankfull discharge, fajlagos 
munkavégzőképesség/puterea specifică a curentului/specific streampower
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A fúrások segítségével feltárt homo-
kos, iszapos, helyenként aprókavicsos 
mederanyag szemcseösszetételi vizsgá-
lata alapján a hordalékszállítás körülmé-
nyeire is következtethetünk. Ezek szerint 
a hordalékkúp csúcsához közelebb eső 
Horia és Pesac mintaterületeken főként 
görgetett hordalék szállítás és erősen tur-
bulens áramlási viszonyok voltak jellem-
zőek. Nyugat felé haladva a vízáramlás 
örvénylő jellege gyengült és egyre osztá-
lyozottabb görgetett hordalék jellemezte 
az elhagyott medreket. Ezzel párhuza-
mosan csökken az üledékek elektromos 
ellenállása, melyet, mint azt már említet-
tük, döntően befolyásol az üledék szem-
csemérete (12. ábra).
Investigând distribuţia texturii sedi-
mentelor, au fost surprinse caracteris-
ticile nisipurilor şi prafului, uneori ale 
pietrişurilor din cadrul paleo-canalelor, 
iar condiţiile de transport fluvial au fost 
reconstruite. Pe baza acestor date în anu-
mite situri situate în partea proximală, 
cum sunt Horia şi Pesac, a fost caracteris-
tic un transport al sedimentelor pe fundul 
albiei şi extrem de turbulent. Spre vest 
caracterul turbulent al scurgerii a scăzut, 
astfel că sedimentele au fost din ce în ce 
mai sortate. În aceaşi direcţie a scăzut 
şi rezistivitatea electrică a sedimentelor 
către marginile conului. Acest parametru 
geofizic este, astfel, într-o relaţie strânsă 
cu textura granulometrică a sedimentelor 
(Fig. 12).
11. ábra: A geoelektromos szelvények és a fúrások alapján meghatározott medertalp összevetése 
a horiai mintaterületen.
Fig. 11: Compararea profileleor geoelectrice de la Horia cu situaţia patului albiei determinată pe 
baza datelor de foraj.
Fig. 11: The comparison of geoelectrical profiles at Horia with the situation of the riverbed 
determined on the basis of drilling data.
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12. ábra: Az elektromos ellenállás össze-
függése a közepes szemcsemérettel a horiai 
mintaterületen.
Fig. 12: Relaţia dintre rezistivitatea 
electrică şi dimensiunile medii ale 
granulelor din situl Horia.
Fig. 12: The relationship of electric 
resistance and mean grainsize at the Horia 
site.
A hordalékkúp fejlődése
A hordalékkúp múltbeli fejlődésének 
felvázolásához a legfontosabb informá-
ciókat az OSL kormeghatározás nyúj-
totta. Ennek segítségével a morfológiai 
és vízhozam adatokat időben is lehetett 
értelmezni, és az éghajlat múltbeli válto-
zásaival kapcsolatos összefüggéseket is 
elkezdhettük feltárni. A kormeghatározás 
számszerű eredményei a 4. táblázatban 
láthatók, ennél azonban lényegesen infor-
matívabb a vizsgált medergenerációk 
futását is feltüntető 13. ábra.
A Maros az utóbbi közel 20 ezer évben 
méréseink alapján igen gyakran válto-
gatta medrét hatalmas hordalékkúpján. 
A vizsgált medrek közül, a Battonya–
Mező kovácsháza–Makó irányába húzódó 
medergeneráció meanderei bizonyultak 
a legidősebbnek, ezek mintegy 17–18 
ezer évvel ezelőtt kezdtek el kialakulni 
(4. táblázat és 13. ábra). Ekkor az utolsó 
jégkorszak szorításában Európában és 
a térségben is az éghajlat a jelenlegi-
nél sokkal hűvösebb és szárazabb volt, a 
vegetáció pedig igen gyér. Ebben az idő-
szakban (idősebb Dryas) a Keleti- és Déli-
Kárpátok magasabb régióiban gleccserek 
Dezvoltarea conului de aluviuni
Informaţiile esenţiale care ne-au permis 
să reconstruim evoluţia conului aluvionar 
ne-au fost furnizate de către datele OSL. 
Prin intermediul vârstelor măsurate, vari-
aţia morfologiei albiei şi a debitelor poate fi 
privită dintr-o perspectivă istorică, iar dez-
voltarea conului aluvionar poate fi inter-
pretată în contextul schimbărilor climatice 
din trecut. Rezultatele datărilor OSL sunt 
redate în tabelul 4, în timp ce Fig. 13 ne 
dezvăluie nu doar vârstele ci şi informaţii 
suplimentare despre paleo-canale.
În ultimii 20 de mii de ani Mureşul 
şi-a schimbat frecvent cursul, migrând 
pe suprafaţa vastului său con aluvionar. 
În ceea ce priveşte albiile detectate pe 
suprafaţa conului aluvionar, generaţiile 
de meandre din zona Battonya–Mező-
kovács háza–Makó sunt cele mai vechi, 
acestea începând să se formeze în urmă 
cu 18–17 mii de ani (Table 4 şi Fig. 13). În 
perioada respectivă, ultima fază glaciară 
a determinat un climat rece şi uscat, iar 
vegetaţia existentă în Europa şi în regiu-
nea analizată era foarte săracă. Avansarea 
glaciară din Older Dryas s-a făcut resim-
ţită în Carpaţii Orientali şi Meridionali, 
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nyomultak előre, melyek legnagyobb 
kiterjedésüket 16–17 ezer évvel ezelőtt 
értéke el (Urdea et al. 2011). A hordalék-
kúpon ekkor kialakuló meanderező med-
rek vízhozam adatai ennek megfelelően a 
mainál valamivel kisebb mértékű vízután-
pótlásra utalnak (2. és 3. táblázat).
A Maros vize 2–3 ezer évig talált ebben 
az irányban lefolyást, majd úgy 15–16 
ezer évvel ezelőtt Tótkomlós irányából 
gheţarii montani cunoscând extensiunea 
maximă în urmă cu 16–17 mii de ani 
(Urdea et al. 2011). Prin urmare valorile 
debitelor albiilor menadrate indică un 
volum de apă mai scăzut decât în prezent 
(Table 2 şi 3). 
Cursul Mureşului s-a drenat în această 
direcţie pentru o perioadă de 2–3 mii 
de ani, iar aproximativ acum 15–16 mii 
ani o albie despletită dezvoltată dinspre 
4. táblázat: Az egyes meder generációk OSL kor adatai ezer évben (ka) kifejezve.
Tabelul 4: Vârstele OSL ale diferitelor generaţii de albii exprimate în mii de ani (ka).






















Kunágota 2.14±0.28 36.33±5.51 16.9±2.0 B
Kövegy 1.91±0.22 29.56±2.35 15.5±2.0 B





Kétegyháza 2.05±0.25 30.94±3.43 14,7±2,1 M
Şiria 2.10±0.19 30.61±2.72 14.6±1.7 B





















egy új, fonatos mintázatú medergenerá-
ció írta felül a meanderező formakincset 
(13. ábra). Ezt követően a folyó még azért 
vissza-visszatért a hátrahagyott mezőko-
vácsházi medrekbe, így hozzávetőleg 11 
ezer éve az eredeti nagy meanderekben a 
Száraz ér tevékenységéhez kapcsolódóan 
jóval kisebb kanyarulatok (misfit) alakul-
tak ki (13. ábra).
A mezőkovácsházi medreket felülíró 
Kunágota–Kövegy fonatos medergene-
ráció 15–16 ezer évvel ezelőtt már egy új 
időszak (Bölling interstadiális) kezdetét 
jelezte (Nádor et al. 2005, Gábris és Nádor 
2007, Mezősi 2011). A klíma enyhülésnek 
indult, ami a hegyvidéki vízgyűjtő glecs-
csereinek fokozott olvadásához veze-
tett, miközben a csapadék mennyisége is 
jelentősen nőtt. A nagyobb pulzusokban 
érkező áradások több hasonló korú fona-
tos és meanderező meder kialakulásához 
vezettek 14–15 ezer évvel ezelőtt (4. táb-
lázat), melyek Medgyesegyháza–Puszta-
földvár–Békéssámson, Kétegyháza–
Nagyszénás és Kétegyháza–Csabacsűd 
irányba vezették le a Maros vizét a Tisza 
vízrendszere felé (13. ábra). A mederge-
nerációk a felsőbb szakaszokon fonatos, a 
hordalékkúp pereme felé meanderező for-
makincset hagytak maguk után. A vala-
mivel idősebbnek tűnő fonatos medrek 
kialakulását elősegíthette, hogy a hideg 
száraz Dryas időszakból történő átme-
net során a növényzet még gyér lehetett, 
így a partokat kevésbé tudta stabilizálni. 
Később a sűrűbb növényzet térhódításá-
val (Sümegi et al. 2002) jelenhettek meg 
a meanderező mederszakaszok pl. Csaba-
csűd mellett. A koradatok alapján nem 
eldönthető, hogy ebben az időszakban 
gyors mederáttevődések történtek-e, vagy 
pedig az azonosított medergenerációk 
Tót kom lós a şters meandrele respective 
(Fig. 13). Din când în când râul a revenit 
în meandrele abandonate de la Mező-
kovács háza şi în consecinţă în urmă cu 11 
mii de ani pârâul Száraz Ér/Er a dezvol-
tat câteva sinuozităţi de mici dimensiuni 
în cadrul meandrelor originale (forme de 
tipul belciugelor) (Fig. 13).
Albia despletită care a funcţionat la 
Kunágota–Kövegy a distrus meandrele de 
la Mező kovácskáza, în urmă cu 15–16 mii 
de ani, consemnând începutul unei noi 
perioade (Interstadialul Bölling) (Nádor 
et al. 2005, Gábris şi Nádor 2007, Mezősi 
2011). Climatul a devenit mai blând, tem-
peraturile au crescut, iar aceasta a condus 
la topirea accentuată a gheţarilor din aria 
montană a bazinul Mureşului, concomi-
tent cu creşterea precipitaţiilor. În aceste 
condiţii, debitul Mureşului a crescut, cu 
precădere în sezonul cald. Apariţia peri-
odică a unor inundaţii de amploare a 
determinat formarea unor albii desple-
tite şi menadrate având vârste similare, 
fiind formate în urmă cu 14–15 mii se ani 
(Table 4). Aceste albii drenau apa Mure-
şului spre Tisa prin coridoarele Medgyes-
egyháza–Pusztaföld vár–Békés sámson, 
Kétegyháza–Nagyszénás şi Kétegyháza–
Csabacsűd (Fig. 13). În sectorul superior 
acestea au aparţinut tipului de albii des-
pletite, iar înspre marginile conului s-au 
schimbat în cursuri meandrate. Dezvol-
tarea unor sectoare aparent vechi a fost 
facilitată de lipsa vegetaţiei şi implicit de 
lipsa de stabilitate a malurilor din peri-
oada de tranziţie de la sfârşitul lui Older 
Dryas. Meandre largi, cum sunt cele de 
lângă Csabacsűd au apărut puţin mai 
târziu când a avut loc o expansiune a 
înveliţului vegetal în regiune (Sümegi et 
al. 2002). Pe baza vârstelor obţinute nu 
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este evident dacă această perioadă a fost 
caracterizată de schimbări rapide ale cur-
sului albiilor sau generaţiile de albii au 
evoluat simultan. Debitul specific albiei 
minore era în jur de 2000 m3/s în cazul 
canalului Kun ágota–Kövegy, în timp ce 
albiile nordice drenau câte 1000 m3/s 
fiecare (Table 2 and 3). În cadrul acestor 
coridoare râul avea două sau trei albii 
principale în perioada respectivă.
Generaţia de albii despletite de la 
Medgyesegyháza–Orosháza, având cele 
mai largi canale de pe cuprinsul conului 
aluvionar, poate fi separată cu uşurinţă 
de către sistemele de mai sus (Table 4 
and Fig. 13). Prin această parte se drena 
probabil cursul principal al Mureşului în 
urmă cu 9–12 mii de ani în urmă. Dez-
voltarea sistenului de albii de la Orosháza 
care putea drena cu uşurinţă 2500-2800 
m3/s, s-a produs în timpul unui eveni-
ment rece urmat imediat de o încălzire. 
Pe baza studiilor anterioare, în urmă cu 
aproximativ 12–13 mii de ani o nouă 
reavansare a gheţarilor s-a produs în sec-
torul montan înalt (Reuther et al. 2007, 
Urdea et al. 2011). După această perioadă 
rece (Younger Dryas) o încălzire accen-
tuată întreruptă de câteva faze reci de 
scurtă durată se instaurează. Aceste con-
diţii au favorizat dezvoltarea albiilor uri-
aşe de lângă Orosháza. Cu toate acestea 
apa a fost drenată şi de către albiile mai 
vechi rezultând meandrele inadaptate de 
la Mezőkovácsháza (Fig. 13).
Chiar dacă în ultimii 10–11 mii de ani, 
perioada Holocenului a coincis cu o sta-
bilizare a climatului în Europa (Járainé 
Komlódi 1969), temperatura şi precipi-
taţiile au continuat să prezinte fluctuaţii 
ocazional. Următoarea etapă în formarea 
conului aluvionar a început în urmă cu 
egyszerre alakultak ki. Mindenesetre 
míg a Kunágota–Kövegy meder közel 
2000 m3/s vízhozammal rendelkezhe-
tett mederkitöltő vízállás esetén, addig a 
később Kétegyháza felől északi irányba 
tartó medrek 1000–1000 m3/s víz szállítá-
sára lehettek képesek (2. és 3. ábra), azaz 
ebben az időszakban a folyónak valószí-
nűleg két-három főága is lehetett.
A fentiektől korban viszonylag jól elkü-
lönül a hordalékkúp legnagyobb, Med-
gyesegyháza–Orosháza irányába futó 
medre, amely 9–12 ezer évvel ezelőtt lehe-
tett aktív (4. táblázat, 13. ábra). A másod-
percenként akár 2500–2800 m3 vizet is 
könnyedén levezető rendszer kialakulása 
ismét egy lehűlési időszakhoz és az azt 
követő felmelegedéshez köthető. Korábbi 
vizsgálatok alapján a vízgyűjtő magashegy-
ségi területein 12–13 ezer évvel ezelőtt a 
gleccserek újból előrenyomultak (Reuther 
et al. 2007, Urdea et al. 2011). Az ún. fia-
talabb Dryas időszakot követően intenzív 
felmelegedés következett, melyet több 
kisebb lehűlési fázis tarkított. Ezek a körül-
mények ismét kedveztek a fonatos med-
rek kialakulásának. Mindemellett néhány 
korábbi mederbe is juthatott víz, így ala-
kultak ki a már korábban is említett mező-
kovácsházi misfit meanderek (13. ábra). 
Bár az utóbbi 10–11 ezer évben a 
holocén időszak Európában és a térség-
ben is viszonylag stabil éghajlatot hozott 
(Járainé Komlódi 1969), a hőmérséklet 
és a csapadékmennyiség azért esetenként 
jelentősen ingadozott. A hordalékkúp fej-
lődésében a következő lényegi változás 
7–8 ezer évvel ezelőttre tehető. Ekkor a 
Maros a síkságra kilépve először északra 
fordult, majd a korábbiakkal ellentét-
ben a Battonyai-hátat délről kerülte meg 
(13. ábra). Ennek hátterében az északi 
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13. ábra: A Maros hordalékkúpon található fontosabb medergenerációk és azok kora.
Fig. 13: Generaţiile principale de albii ale Mureşului din cuprinsul conului său aluvionar şi vârsta 
acestora.
Fig. 13: Major channel generations on the Maros/Mureş alluvial fan and their age.
területeken történő nagymértékű horda-
léklerakás állhatott, melynek hatására a 
Maros lecsúszhatott az idővel túlmagasí-
tott területekről. A délre fordulást Horia–
Zimándköz–Arad (Horia–Zimandcuz–
Arad) környékén meanderező medrek, 
Perjá mos-Lovrin (Periam–Lovrin) 
7–8 mii de ani. Odată pătruns în zona de 
câmpie Mureşul a cotit către nord-vest, 
iar apoi s-a întors spre sud-vest, ocolind 
zona mai ridicată de la Battonya (Fig. 13). 
Separarea ar fi fost cauzată de acumularea 
intensă ce a avut loc în jumătatea nordică 
a conului aluvionar. Translaţia direcţiei 
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vonalában pedig egy jelentősebb fonatos 
meder jelzi (13. ábra). Ezek kora hasonló, 
megjelenési formájuk viszont igen eltérő. 
A fonatos medrek jelenlétét az ebben az 
időszakban (holocén atlantikus fázis) 
jelentősen megnövekedő csapadék-
mennyiség és vízhozam indokolhatná 
(Lovrinnál 2000 m3/s), viszont ekkorra 
már a területet feltehetően erdők borít-
hatták, azaz a vízfolyások partjai minden-
képp stabilabbak voltak, ami nem kedvez 
a medrüket gyorsan változtató fonatos 
folyók kialakulásának. A fenti ellent-
mondás feloldása további vizsgálatokat 
 igényel.
A Perjámos–Lovrin (Periam–Lovrin) 
medret nem sokáig használta a Maros, 
kb. 6 ezer évvel ezelőtt már főként a hor-
dalékkúp tengelyében folyhatott kelet-
nyugati irányban, a mai medertől néhány 
km-rel délebbre, Német szent péter–
Nagy szent miklós (San petru German–
Sannicolau Mare) vonalában (Cornea 
et al. 1979). A folyórendszer vízhozama 
ekkorra valamelyest mérséklődött, de 
egyes meanderek alapján a mederkitöltő 
vízhozam 1000 m3/s feletti is lehetett 
(Table 2).
Végül a folyó elfoglalta mai medrét, s 
bár déli irányba az Aranka felé a 19. sz-i 
szabályozásokig volt természetes lefo-
lyása, a víz fő tömege mintegy 4–5 ezer 
éve valószínűleg itt, a hordalékkúp tenge-
lyében kerül levezetésre (13. ábra).
de scurgere este indicată de meandrarea 
canalelor de lângă Horia–Zimandcuz–
Arad şi de albia despletită situată pe alini-
amentul Periam-Lovrin (Fig. 13). Aceste 
generaţii de albii au o vârstă similară deşi 
prezintă o morfologie şi aparţin unor 
tipologii diferite. În această perioadă 
(faza Atlantică a Holocenului) formarea 
albiilor despletite poate fi explicată prin 
creşterea cantităţilor de precipitaţii şi a 
debitelor, (circa 2000 m3/s la Lovrin). Se 
presupune că în acest interval arealul era 
acoperit de păduri, malurile râului fiind 
mult mai stabile, ceea ce nu favoriza dez-
voltarea albiilor despletite. Oricum, sunt 
necesare investigaţii suplimentare pentru 
a rezolva aceste discrepanţe.
Albia Periam–Lovrin a fost activă o 
perioadă scurtă. În urmă cu 6000 de ani, 
Mureşul s-a stabilit aproximativ pe actu-
alul aliniament, traversând conul aluvio-
nar de la est la vest (Cornea et al. 1979) 
şi ocupând câteva meandre mai mici pe 
aliniamentul Sânpetru German–Sânni-
colau Mare. Debitul sistemului fluvial a 
scăzut considerabil odată cu trecerea tim-
pului, fiind doar peste 1000 m3/s, fapt evi-
denţiat de morfologia anumitor meandre 
 (Tabelul 2).
În final cursul Mureşului s-a stabili-
zat, iar actuala albie a devenit principală 
în urmă cu 4–5 mii de ani. Chiar şi aşa 
se pare că până în secolul XIX, când au 
avut loc regularizările cursului principal, 
Mureşul ar fi avut un emisar natural care 
comunica cu sistemul Aranca (Fig. 13).
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Következtetések
Az összefoglaló kötet második tanulmányában a Maros fejlődésének múltbeli dina-
mikáját vizsgáltuk. Kutatásaink segítségével sikerült azonosítanunk a hordalékkúp 
történetének kulcs időszakait az utóbbi mintegy 18-20 ezer évre vonatkozóan. Vizs-
gálataink alapján általános következtetéseink az alábbiak:
•	 Számtalan egykori medergeneráció figyelhető meg a hordalékkúp felszínén, ami 
jelentős felszínformáló tevékenységre utal.
•	 A meanderező mederszakaszok esetében a vízhozamok meghatározása felülné-
zeti morfológiai paraméterek segítségével is megoldható volt, azonban a fona-
tos mederszakaszok kapcsán geofizikai és szedimentológiai módszereket kellet 
bevetnünk az egykori keresztszelvények és vízhozamok rekonstruálásához. A két 
megközelítést a jövőben célszerű együtt alkalmazni.
•	 Az Orosháza, Kövegy és Pesac mellett húzódó egykori medrek mederkitöltő víz-
hozama akár 2000-2500 m3/s is lehetett. Árvizek idején ennél jelentősen nagyobb 
mennyiségű víz is érkezhetett a vízgyűjtőről.
•	 Az optikailag stimulál lumineszcencia (OSL) segítségével sikerült a medergene-
rációk kialakulási korát meghatároznunk. Az eredmények alapján kitűnik, hogy a 
folyó sokkal dinamikusabban fejlődött a múltban, mint az korábban vártuk.
•	 A felszínformálásban a legnagyobb változások 15-16, 11-12 és 7-8 ezer évvel 
ezelőtt következtek be. Ezek a változások jól összevágnak a hidegebb periódusokat 
követő felmelegedési időszakokkal, amikor is a növekvő csapadék mennyiség és a 
hegyvidéki vízgyűjtő gleccsereinek olvadása jelentős árhullámokat idézhetett elő.
A kutatás rávilágít arra, hogy a múltban milyen dinamikusan változott a folyó a 
mindenkori morfológiai és környezeti tényezőkhöz igazodva. Azt is láttuk, hogy 
néhány ezer év alatt milyen nagymértékű változások következhettek be a terület 
éghajlatában, a szállított víz mennyiségében, így az áradások energiájában és rom-
boló hatásában. Mindezek az eredmények kiindulási pontként szolgálhatnak a jövő-
beni kutatások és tervezés során.
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Concluzii
În acest capitol au fost prezentate rezultatele investigaţiilor care au vizat evoluţia 
Mureşului în trecut. Dincolo de toate aceste analize complexe putem afirma că 
evoluţia râului Mureş a fost descifrată pentru ultimii 18-20 mii de ani. Concluziile 
generale sunt redate mai jos:
•	 Pe toată suprafaţa conului aluvionar au fost identificate numeroase generaţii de 
paleo-albii, sugerând o activitate considerabilă în trecut.
•	 În cazul albiilor meandrate au putut fi calculate paleo-debitele acestora pe baza 
parametrilor planimetrici, în timp ce în cazul albiilor despletite aplicarea meto-
delor geofizice şi sedimentologice au condus la reconstruirea morfologiei trans-
versale şi a debitelor. Cele două metode trebuie aplicate şi în viitor într-o manieră 
similară.
•	 Generaţiile de albii de lângă Orosháza, Kövegy şi Pesac puteau avea un debit 
corespunzător albiei minore de 2000-2500 m3/s, iar la inundaţii această valoare 
creştea.
•	 Formarea diferitelor generaţii de albii a putut fi descifrată utilizând metoda de 
datare prin luminiscenţă stimulată optic (OSL). Rezultatele au arătat că râul a fost 
mult mai dinamic decât se estimase anterior.
•	 Schimbări majore în activitatea fluvială au existat în urmă cu 15-16, 11-12 şi 7-8 
mii de ani în trecut. Aceste evenimente au apărut când climatul a început să se 
încălzească după perioadele reci specifice, generând topirea intensă a gheţii şi 
zăpezii din bazinul superior.
Toate aceste elemente pun în lumină modul foarte dinamic în care râul a reacţi-
onat la schimbările geomorfologice şi enviromentale petrecute. Aceste schimbări 
climatice semnificative s-au produs în doar câteva mii de ani, influenţând modul de 
scurgere al râului şi modul de manifestare al inundaţiilor. Toate relaţiile subliniate 
de acest studiu pot să servească ca puncte de plecare pentru realizarea viitoarelor 
amenajări şi a unor studii similare
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A Maros nemcsak a múltban volt aktív, de napjainkban is a Kárpát-medence egyik legdinamikusabban 
változó vízfolyása. Nem csoda, hiszen 
nagy mennyiségű hordalékot szállít, esése 
viszonylag nagy, áradásai pedig még az 
alsó szakaszokon is hevesek. A folyó 
mindamellett a régió egyik legfonto-
sabb természeti erőforrása: vize ökoló-
gia szempontból egyedülálló élőhelyeket 
és jó adottságú mezőgazdasági terüle-
teket éltet, a medréből kitermelt kavics 
és homok fontos építőanyag, természeti 
szépségei pedig jelentős turisztikai vonz-
erővel bírnak. Az itt élők mindig is töre-
kedtek a folyó gazdasági hasznosítására, 
de általában nem mérték fel ennek hosszú 
távú következményeket. Ez történt a 19. 
századi folyószabályozások során, és fel-
tehetően napjainkban is például az inten-
zív homokkitermelés kapcsán (1. ábra).
Milyen tényezők határozzák meg jelen-
legi fejlődését? Hogyan reagált a folyó 
a különböző emberi beavatkozásokra? 
Milyen változások jellemzik medrét rövi-
debb, illetve hosszabb távon? Főként eze-
ket a kérdéseket jártuk körbe kutatásunk 
R âul Mureş a fost  activ nu doar în trecut, ci este şi în prezent unul din cele mai dinamice râuri ale bazinu-
lui carpatic. Acest lucru nu trebuie să ne 
surprindă deoarece el transportă o încăr-
cătura ridicată de sedimente, are o pantă 
ridicată, iar secţiunea sa de câmpie este 
afectată de viituri foarte puternice. Mure-
şul reprezintă una din cele mai impor-
tante resurse naturale ale regiunii. Apele 
sale menţin habitatele naturale şi agricul-
tura, nisipurile şi pietrişurile extrase din 
albie fiind folosite în construcţii, iar fru-
museţea sa naturală remarcabilă repre-
zentând o atracţie turistică importantă. 
Oamenii au fost tentaţi dintotdeauna să 
folosească resursele râului în scop eco-
nomic, dar nu au luat în considerare con-
secinţele pe termen lung. Un exemplu 
elocvent îl constituie regularizările din 
secolul al XIX-lea precum şi exploatările 
actuale intensive din albie (Fig. 1).
Care sunt factorii care determină evo-
luţia prezentă a râului? Cum reacţionează 
aceasta la diferitele tipuri de intervenţii 
antropice? Ce schimbări cunoaşte albia 
minoră pe termen scurt sau lung? În 
A jelenleg is 
változó folyó
Sipos György, Právetz Tamás, Katona 
Orsolya, Florina Ardelean, Fabian 
Timofte, Alexandru Onaca, Kiss 
Tímea, Kovács Ferenc, Tobak Zalán
Schimbările 
actuale ale râului
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Timofte, Alexandru Onaca, Kiss 
Tímea, Kovács Ferenc, Tobak Zalán
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ezen szakaszában. Vizsgálatainkat a 
Maros mintegy 175 km-es síksági szaka-
szán végeztük, ezen belül négy jellegzetes 
mintaterületen rendszeres felmérésekkel 
igyekeztünk a mederfejlődést nyomon 
követni. Kutatási eredményeink alapján 
körülírhatóak a jövőben várható válto-
zások, illetve a fenntartható használat 
szempontjából fontos beavatkozási pon-
tok. A vizsgálatok során mindamellett 
lefektettük egy több lépcsős, hosszabb 
távú monitoring tevékenység alapjait is, 
melynek segítségével további adatokat 
nyerhetünk  a vízügyi tervezés, valamint 
a természetvédelmi  és turisztikai célú fej-
lesztések elősegítéséhez..
această fază a cercetării noastre am căutat 
să răspundem la întrebările enumerate. 
Investigaţiile au vizat cei 175 km din zona 
de câmpie a Mureşului. În acest sens, în 
patru locaţii reprezentative diferite ale 
râului secţiunea canalului de albie minoră 
a fost monitorizată prin măsurători regu-
late. Pe baza rezultatelor cercetărilor 
întreprinse se pot determina schimbările 
viitoare ale albiei şi punctele de interven-
ţie pentru asigurarea unui management 
sustenabil al râului. Mai mult, fundamen-
tele necesare unei monitorizări în mai 
multe etape şi pe termen lung care să fur-
nizeze datele necesare unui management 
mai bun au fost oferite de acest studiu.
1. ábra: Homokkitermelés a Maros Arad feletti szakaszán.
Fig.1: Balastieră de nisip pe Mureş în amonte de Arad.
Fig. 1: Sand extraction on the Maros/Mureş upstream of Arad.
67
Módszerek
A folyók fejlődését, emberi beavatkozá-
sokra adott válaszait legegyszerűbben 
térképek és légifotók segítségével követ-
hetjük nyomon. Bár sok esetben ezen 
adatforrások térbeli és időbeli felbontása 
nem elég ahhoz, hogy teljes mértékben 
rekonstruálhassuk a meder változásait, 
a hosszabb távú tendenciák megfigyelé-
séhez mindenképp alkalmasak (Laczay 
1982, Hooke 1995, Lóczy et al. 2012).
A Maros mederváltozásait az utóbbi 
180 évre visszamenőleg térképek, 
légifotók és műholdfelvételek segítségével 
elemeztük. A vizsgálatokhoz igyekeztünk 
összegyűjteni az összes elérhető adatfor-
rást a lehető legtöbb időpontból (1. táb-
lázat). A legkorábbi, részleges elemzéshez 
alkalmazható térkép 1829-ből szárma-
zott. A vizsgálat kiinduló pontját mégis 
a II. katonai felmérés 1860-as évekből 
származó térképlapjai jelentették. Ezek 
hatalmas előnye, hogy viszonylag ponto-
sak, még látszanak rajtuk a szabályozás 
előtti meanderek, illetve a teljes Lippa–
Szeged szakaszra elérhetőek. Utóbbi 
kritérium a további adatforrások közül 
sajnos csak a legújabb, 2005–2006-os 
műholdfelvételekre igaz. A térképek sok 
esetben nem elég részletesek, ezért a pon-
tosabb elemzéseket légifotók, műhold-
felvételek segítségével célszerű elvégezni 
(Sipos 2006). A romániai szakaszról a 
legelső ilyen adatok 2005-ből származ-
nak, a magyarországi szakaszról, illetve 
a közös határszakaszról mindazonáltal 
1950 óta 10 éves rendszerességgel készül-
tek légi felvételek. A változások igazán 
részletes elemzését így főként erre a sza-
kaszra vonatkozóan sikerült véghezvinni 
Metode
Cel mai simplu mod de a monitoriza evo-
luţia râului şi răspunsul acestuia la inter-
venţiile antropice este analiza schimbări-
lor surprinse de hărţi şi aerofotograme. 
Uneori rezoluţia spaţială şi temporală 
a acestor surse de date nu este adecvată 
pentru reconstruirea modificărilor în 
detaliu, dar sunt potrivite pentru studi-
erea tendinţelor pe termen lung (Laczay 
1982, Hooke 1995, Lóczy et al. 2012).
Cu ajutorul hărţilor, aerofotogramelor 
şi a imaginilor satelitare evoluţia albiei a 
putut fi investigată în ultimii 180 de ani. 
Scopul nostru a fost să colectăm toate 
sursele de date existente în această direc-
ţie (Tabelul 1). Cele mai vechi hărţi care 
au putut fi folosite pentru reconstrucţia 
parţială datează din 1829. Hărţile celei 
de-a doua ridicări militare din 1860 au 
fost folosite pentru tot cursul Mureşu-
lui pentru uniformizarea celei mai vechi 
perioade de referinţă. Aceste hărţi au 
avantaje considerabile: sunt destul de 
precise, meandrele dinaintea lucrări-
lor de regularizare pot fi identificate cu 
uşurinţă şi acoperă tot cursul Mureşului 
între Lipova şi Szeged. Din păcate pentru 
tot sectorul au fost accesibile doar imagi-
nile satelitare din 2005 şi 2006. În multe 
cazuri hărţile nu sunt suficient de detali-
ate pentru o analiză precisă, iar măsură-
torile pot fi mult mai performante dacă se 
utilizează aerofotograme şi imagini sate-
litare (Sipos 2006). Cele mai vechi aero-
fotograme disponibile pentru sectorul 
românesc al Mureşului datează din 2005, 
în timp ce pentru zona de graniţă şi pen-
tru spaţiul maghiar acestea au fost rea-
lizate în fiecare decadă începând cu anii 
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(2. ábra). Ugyanakkor a romániai sza-
kaszon az utóbbi 50 évben akkora vál-
tozások következtek be, hogy a kevésbé 
részletes térképek is alkalmasak voltak 
az ottani mederfejlődés tendenciáinak 
feltárásához.
A romániai szakaszról végül 6, a 
magyarországi szakaszról pedig 13 idő-
pontból álltak rendelkezésre a különböző 
adatforrások (1. táblázat). Ezeket egysé-
ges térinformatikai rendszerbe integrál-
tuk, azaz georeferáltuk. A mérések során 
vizsgáltuk a partvonalak, a középvonal, a 
szélesség, valamit a mederben található 
szigetek változásait, elmozdulását. E vizs-
gálatok segítségével ugyanis meghatá-
rozható a folyó dinamikája a különböző 
szakaszokon, illetve következtethetünk a 
változások jövőben lehetséges irányára.
1950 (Fig. 2). Fără îndoială că schimbările 
majore din sectorul românesc din ultimii 
50 de ani nu pot fi evaluate cu acurateţe 
de pe majoritatea hărţilor disponibile.
În final au fost utilizate date din 6 
respectiv 13 perioade diferite pentru sec-
ţiunea română respectiv maghiară (Tabe-
lul 1). Datele au fost integrate într-un sis-
tem geoinformatic prin georeferenţierea 
tuturor datelor cartografice şi aerofoto-
grafice disponibile. Pe durata analizei au 
fost măsurate schimbările survenite la 
nivelul malurilor, liniei centrale a albiei, 
lăţimii albiei precum şi dimensiunile 
insulelor Cu ajutorul acestor investiga-
ţii a fost posibilă aflarea dinamicii râului 
în plan orizontal pe diferite sectoare, iar 
concluziile pot fi folosite pentru estima-
rea schimbărilor râului în viitor.
u 2. ábra: A közös magyar–román határszakasz egy részlete különböző adatforrásokon (A: 
1:25 000 méretarányú román topográfiai térkép 1973-ból, B: légifotó 1981-ből, C: 1:10 000 méret-
arányú magyar topográfiai térkép 1982-ből).
u Fig. 2: O parte din sectorul de graniţă dintre România şi Ungaria surprinsă de surse diferite 
(A: harta topografică românească, scara 1:25 000 din 1973, B: aerofotgramă din 1981, C: harta 
topografică maghiară scara 1:10 000 din 1982).
u Fig. 2: A part of the joint Hungarain–Romanian border section on different data sources (A: 
1:25 000 scal Romanian topographical map from 1973, B: aerial photo from 1981, C: 1:10 000 






A térképek, légifotók és műholdképek geokorrekcióját ERDAS Imagine 8.6, illetve ArcGIS 
9.2 és 9.3 szoftverrel végeztük el. Referencia térképnek a román és a magyar szakaszon is az 
1980-as évek elején készült topográfiai térképeket alkalmaztuk, előbbiek 1:25 000, utóbbiak 
1:10 000 méretarányban készültek (2. ábra). Ezekhez a sorozatokhoz korrigáltuk a légifotókat, 
illetve a korábbi térképszelvényeket. Az egyes adatforrások pontosságát az alaptérképen és a 
többi adatforráson is beazonosítható fix pontok (útkereszteződések, épületek sarka) közötti 
eltérések alapján számoltuk (1. táblázat).
A továbbiakban, a geokorrigált térképek és légifotók alapján vektoros állományokat hoz-
tunk létre ArcView 3.2 és ArcGIS 9.2 és 9.3 szoftverek segítségével. Az állományokat ezután 
azonos vetületi rendszerbe (UTM34) transzformáltuk, hogy a romániai és magyarországi 
adatokat együtt tudjuk kezelni. A változásokat az így előkészített fedvényeken segítségével 
lehetett térképezni.
Geocorecția aerofotogramelor şi a imaginilor satelitare a fost realizată cu ajutorul programe-
lor ERDAS Imagine 8.6 şi ArcGIS 9.3 şi 9.2. Hărţile topografice de la începutul anilor 1980 la 
o scară de 1:25 000 şi 1:10 000  au fost folosite ca hărţi de referinţă (Fig. 2). Aerofotogramele 
şi toate hărţile istorice au fost geocorectate cu ajutorul acestei serii de hărţi. Precizia diferite-
lor surse de date a fost calculată pe baza deviaţiei faţă de punctele de referinţă, identificabile 
pe toate tipurile de hărţi (ex: intersecţii de drumuri, colţul clădirilor) (Tabelul 1).
Următorul pas l-a constituit vectorizarea obiectelor şi geocorectarea hărţilor folosind  pro-
gramele ArcView 3.2 and ArcGIS 9.3 şi 9.2. Datele au fost transformate apoi în acelaţi sistem 
de proiecţie (UTM34) pentru a permite gestionarea lor cu uşurinţă. Evoluţia râului a fost 
realizabilă prin suprapunerea tuturor layerelor şi cuantificarea diferenţelor.
A Maros mentén élők jól tudják, hogy a 
folyó medre igen gyorsan változik. A kis-
vízkor szárazra kerülő homokpadok évről 
évre mindig máshol, másként figyelhe-
tőek meg. A dinamikus változások hátte-
rében a jelentős hordalékmennyiség és a 
folyó tekintélyes energiája áll (Fiala et al. 
2007, Sipos et al. 2008)..
A Maros homokos-aprókavicsos hor-
daléka szemcseösszetételi jellemzői miatt 
igen jó építőanyag, ezért felhasználása 
széleskörű. Mindemellett folyamatos az 
utánpótlás, hiszen a mederből kiemelt 
anyag helyén keletkező gödröket a folyó 
a következő áradás során visszatölti. Kér-
dés azonban, hogy mekkora az a hor-
dalékmennyiség, ami még gond nélkül 
kitermelhető, illetve az erőltetettnek tűnő 
Oamenii din vecinătatea Mureşului ştiu 
că albia acestuia cunoaşte schimbări 
rapide. Plajele de nisip apar în locaţii dife-
rite în fiecare an, iar forma lor se schimbă 
permanent. Motivul acestor schimbări 
îl constituie cantităţile semnificative de 
sedimente transportate şi marea energie 
dezvoltată de râu (Fiala et al. 2007, Sipos 
et al. 2008).
Patul albiei, constituit din nisipuri şi 
pietriţuri fine, reprezintă o sursă de mate-
riale de construcţii renumită şi folosită 
intens în ambele ţări. În plus, fluxul de 
sedimente este continuu, astfel că gro-
pile de extracţie sunt umplute cu sedi-
mente la următoarea inundaţie. Din acest 
motiv se nasc două întrebări: ce cantitate 
de sedimente poate fi extrasă din albie, 
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1. táblázat: Az utóbbi 180 év mederváltozásainak vizsgálatához felhasznált adatforrások, és azok 
típusa.
Tabelul 1: Lista şi tipul surselor de date utilizate pentru analiza evoluţiei albiei în ultimii 180 de ani. 
























1864-1865 M 21.7 1860-1865 M 25.6
1910 M 47.9 1910 M 49.4
1950 A 7.8 1919-1953 M 15.5
1953 A 6.4




1982 M 0 1981 M 0
1991 A 4.2
2000 A 2.2
2006 S 2.1 2005 A 2.5
M: térkép/hartă/map, A: légifotó/aerofotograme/aerial photo, S: műholdfelvétel/imagini 
satelitare/satellite image
bányászat milyen hatásokat válthat ki a 
folyó fejlődésében. Ennek felmérése, meg-
határozása nem egyszerű, a meder rend-
szeres térképezését, illetve a hordalékho-
zam mérését kívánja. A Maros esetében 
ezek a feltételek koránt sem teljesülnek, 
ezért is tartjuk kiemelkedően fontosnak 
az alább bemutatott vizsgálatokat.
A legjelentősebb kitermelés a folyó 
síksági szakaszán Arad felett jellemző 
(1. ábra). Vizsgálati területeinket (Lippa–
Arad–Pécska–Apátfalva) úgy választot-
tuk meg, hogy a bányászat feletti és alatti 
szakaszokon is megfigyelhető legyen a 
meder, ezáltal az adott szakaszra vonat-
kozó hordalékegyenleg éves változása 
(3. ábra). A mintaterületek közel 2 km 
hosszúak és hasonló felépítésűek voltak: 
fără să genereze modificări foarte mari?; 
ce schimbări pot fi induse de supraex-
ploatarea vizibilă? Răspunsul la aceste 
două întrebări nu este uşor de găsit, fiind 
nevoie de studierea continuă a albiei şi 
de monitorizarea cantităţii de sedimente 
transportate. Aceste condiţii nu se înde-
plinesc în cazul Mureşului, de aceea con-
siderăm investigaţiile de mai jos ca fiind 
foarte importante.
Cea mai intensă activitate a balastie-
relor din zona de câmpie a Mureşului se 
desfăşoară în amonte de Arad (Fig. 1). 
De aceea, locaţia secţiunilor de investi-
gare (Lipova–Arad–Pecica–Apátfalva) 
a fost aleasă pentru a permite evalua-
rea proceselor din cadrul albiei, precum 
şi a bugetului de sedimente din amonte, 
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a meder egy-egy kiszélesedő, sekélyebb 
ún. gázló szakaszát, valamint az előtte és 
utána elhelyezkedő mélyebb üst szakaszo-
kat foglalták magukba (4. ábra). A vizs-
gálatokat az Alsó-Tisza-vidéki Vízügyi 
Igazgatóság szakembereinek és műsze-
reinek segítségével végeztük. Másfél év 
során 4 felmérési kampány keretében 
végeztük el a vizsgálatokat, Apátfalvánál 
további 2 időpontban is történt adatfelvé-
tel. A motorcsónakos és szárazföldi méré-
seket, azaz a meder térképezése mindig 
ugyanazon szelvények mentén történt, így 
a változások összehasonlíthatóvá  váltak.
A fenti módszerrel elsősorban az 
éves, vagy egy-egy árhullámhoz köthető 
mederátalakulást lehet vizsgálni, a tény-
leges hordalékszállítás becslése más meg-
közelítést igényel. A klasszikus módszer 
szerint a meder aljára helyezett horda-
lékfogókkal történnek a mérések (Kiss 
et al. 2008). Kutatásaink során azonban 
a rövid távú hordalékszállítás modelle-
zésére gyakori mederfelmérések elvég-
zésével tettünk kísérletet. A méréseket a 
makói vízmérce szelvényében található , 
vízhozammérésekhez használt drótkö-
télpálya  mentén végeztük, esetenként 5 
perces időintervallumokban (5. ábra).
respectiv din aval de zona de exploatare 
(Fig. 3). Lungimea fiecărei secţiuni a fost 
de 2 km, acestea prezentând similitudini 
în ceea ce priveşte prezenţa unei sec-
ţiuni transversale largi şi puţin adânci, 
respectiv a două secţiuni transversale 
adiacente adânci, atât în amonte cât şi în 
aval (Fig. 4). Măsurătorile s-au făcut cu 
ajutorul unor echipamente profesionale 
aparţinând Direcţiei Apelor Tisei Inferi-
oare. Pe durata proiectului patru campa-
nii de măsurători au fost întreprinse, în 
timp ce la Apátfalva au fost realizate încă 
două. Cartarea albiei s-a făcut pe aceleaţi 
aliniamente de fiecare dată pentru a oferi 
posibilitatea de comparare a rezultatelor.
Folosind metoda amintită a fost posi-
bilă evaluarea modificărilor anuale în 
transportul de sedimente sau după fiecare 
inundaţie. Calcularea transportului de 
sedimente la o staţie necesită o altă abor-
dare. Conform metodei tradiţionale sedi-
mentele reţinute trebuie să fie plasate pe 
patul albiei (Kiss et al. 2008). În acest stu-
diu experimentele au fost realizate pentru 
a modela transportul de sedimente pe 
perioade foarte scurte cu ajutorul cartării 
cu frecvenţă mare a patului albiei. Investi-
gaţiile au fost realizate ocazional pe o sec-
ţiune transversală în arealul staţiei hidro-
logice de la Makó, de-a lungul unui cablu, 
la intervale din 5 în 5 minute (Fig. 5).
u 3. ábra: A Maros síksági szakasza és a mérési területek elehelyezkedése (1: Lippa, 2: Arad, 3: 
Pécska, 4: Apátfalva).
u Fig. 3: Sectorul de câmpie al Mureşului şi localizarea siturilor în care s-au efectuat măsurători 
(1: Lipova, 2: Arad, 3: Pecica, 4 Apátfalva).
u Fig. 3: The lowland section of Maros/Mureş and the location of measurement sites (1: Lipova, 
2: Arad, 3: Pecica, 4: Apátfalva).
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4. ábra: A mintaterületek és a fel-
mért kereszt- és hossz-szelvények 
(1: keresztszelvény, 2: hossz-szel-
vény).
Fig. 4: Siturile în care au avut loc 
măsurătorile batimetrice şi profi-
lele transversale şi longitudinale 
realizate (1: transversale, 2: longi-
tudinale).
Fig. 4: The measurement sites and 
the surveyed cross-sections and 
longitudinal sections (1: cross-
section, 2: longitudinal section).
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5. ábra: A makói vízmérce és a fel-
mért kereztszelvény (1: teljes szelvény 
mérések, 2: sodorvonal mérések).
Fig .5: Staţia hidrologică Makó şi profi-
lele realizate (1: măsurarea lăţimii totale, 
2: măsurători la nivelul talvegului).
Fig. 5: The Makó gauge station and 
the surveyed cross-section (1: total 
width measurements, 2: thalweg 
measurements).
A mintaterületeken a felmérései keresztszelvényeket úgy jelöltük ki, hogy a folyó szélessé-
gének (100–150 m) felénél ne legyenek nagyobb távolságra egymástól, a keresztszelvények 
átlagos távolsága így 40 m volt (4. ábra). A felmérések során hossz-szelvények is készültek. 
A különböző időpontokban a kezdetben kijelölt mérési útvonal követése 2–5 m-es pontos-
ságú Trimble Juno GPS segítségével történt. A méréseket eltérő vízállásoknál végeztük, 2011 
és 2012 júniusában nagyvíznél, illetve 2011 szeptemberében és 2012 októberében kisvíznél. 
A nagyvizes mérések során a medertérképezés minden szelvényben motorcsónakkal, ADCP 
RioGrande vízsebesség és mélység mérő műszer segítségével történt (6. ábra). A műszer 
működési hátteréről Goda és Krikovszky 2002 ír részletesen. A pontos nyomvonalat, illetve 
a vízszint magasságát függőleges és vízszintes értelemben is cm-es pontosságú, Topcon 
típusú differenciál GPS segítségével rögzítettük. A kisvizes mérések során a szárazra kerülő 
homokpadok miatt a meder egy része víz felszíne felett húzódott. Ezeket a területeket Sokkia 
Set650rx típusú mérőállomással mértük fel, a műszer pontos koordinátáit, illetve magasságát 
szintén differenciál GPS-szel határoztuk meg, így a vízi és szárazföldi méréseket egymáshoz 
lehetett illeszteni (6. ábra).
Mivel romániai és magyarországi területeken is végeztünk adatfelvételt, ezért az eredmé-
nyeket egységesen UTM vetületi rendszerbe transzformáltuk, a magassági értékeket pedig a 
WGS 84 ellipszoidhoz viszonyítva adtuk meg. A felmért adatokból ArcGIS 9.3 szoftver segít-
ségével készítettünk domborzatmodelleket, melyeket azután egymásból kivonva állapítottuk 
meg a változások mértékét. A modellek krigeléses interpolációval, 2 m-es felbontással készül-
tek. A vizsgálatok során a felvételezési időpontok közötti nettó térfogatváltozás, valamint az 
erózióból és akkumulációból adódó teljes, vagy abszolút térfogatváltozás mértékét határoztuk 
meg 1 folyamkilométerre normalizálva. A különböző mérőeszközökből, a nyomvonal leköve-
téséből, valamint a domborzatmodellezés során adódó hibák együttes mértékének meghatá-
rozásához egy 500 m-es folyószakaszt egymás után kétszer is felmértünk. Ez alapján folyam-
kilo méterenként 1000 m3 körüli mérési hibával kell számolni az egyes felmérések között.
A makói vízmérce szelvényében a rövid távú, hordalékszállításra vonatkozó méréseket 
GSSI 200 MHZ-es antennával ellátott georadar és ADCP StreamPro segítségével végeztük 
el (5. és 6. ábra). A felvételezés során a teljes keresztszelvényt 30 percenként, a sodorvonalat 
30 m-es szélességben 10 percenként mértük fel. A georadar nagy pontosságú és igen rész-
letes mérést tett lehetővé, amiből a szelvény területének változására lehetett következtetni. 
Az ADCP segítségével mindemellett a vizsgálható volt a mederalj elmozdulásának mértéke. 
A két értékből becsültük az egységnyi idő alatt a szelvényen áthaladó görgetett hordalék 
mennyiségét. A méréseket a későbbiekben mindenképp kalibrálni kell a klasszikus hordalék-
fogós módszerrel.
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Profilele transversale au fost realizate în funcţie de lăţimea râului, astfel încât distanţa dintre 
acestea să nu depăşească jumătate din lăţimea canalelor (100–150 m). Acesta este motivul 
pentru care s-au realizat în medie, din 40 în 40 de metri (Fig. 4). Au fost trasate şi profile lon-
gitudinale în timpul investigaţiilor. Pentru cartarea cu precizie a fost folosit un GPS Trimble 
Juno cu o acurateţe de 2–5 m. Măsurătorile s-au făcut la nivele hidrologice diferite: la ape 
mari, în iunie 2011 şi 2012 şi la ape mici în septembrie 2011 şi octobrie 2012. La ape mari 
s-a măsurat cu ajutorul unei bărci şi a unui sistem de măsurat viteza curentului şi adâncimea 
apei (Fig. 6), după instrucţiunile operaţionale descrise în detaliu de către Goda şi Krikovszky 
(2002). Rutele exacte ale profilelor şi adâncimea apei au fost măsurate cu ajutorul unui GPS 
difereţial Topcon, având o rezoluţie centimetrică atât pe orizontală cât şi pe verticală. La 
ape mici, deoarece în multe părţi albia minoră era lispită de apă s-a folosit o staţie totală 
Sokkia Set650rx. Calibrarea sistemului s-a realizat tot cu ajutorul unui GPS diferenţial astfel 
ca măsurătorile plajelor, respectiv cele ale adâncimii apei să poată fi aduse într-un format 
comparabil (Fig. 6). 
Deoarece s-au făcut măsurători atât în România cât şi în Ungaria datele au fost proiectate 
în sistem UTM, iar altitudinile au fost considerate în raport cu elipsoidul WGS84. Din măsu-
rătorile întreprinse au fost realizate modele digitale de elevaţie utilizând ArcGIS 9.3, iar prin 
scăderea acestora au fost identificate ratele modificărilor. În continuare modelele au fost rea-
lizate utilizând metoda kriging, având o rezoluţie spaţială de 2 m. Pe durata analizei au fost 
evaluate ratele modificărilor; spre exemplu: diferenţa volumului net de sedimente şi diferenţa 
volumului total de sedimente, precum şi suma materialelor erodate/acumulate corespunză-
toare unei lungimi de 1 km. Pentru determinarea erorilor totale datorate echipamentelor de 
măsurare utilizate au fost realizate profile GPS şi un model digital de elevaţie pe o secţiune de 
500 m, în două momente diferite la interval de câteva ore distanţă la ape mici. Pe baza com-
paraţiilor s-a stabilit că este posibil să apară o eroare de 1000 m3/ km. 
Măsurătorile dinamicii pe termen scurt au fost făcute la staţia hidrologică Makó utili-
zându-se un GPR GSSI cu o antenă de 200 MHZ, precum şi sistemul ADCP StreamPro (Fig. 
5 and 6). Toate profilele transversale au fost realizate din 30 în 30 de minute, talvegul fiind 
evaluat pe o lăţime de 30 m la un interval de 10 minute. Rezultatele înregistrate cu GPR-ul 
au permis o evaluare de mare acurateţe, facilitând totdată calcularea modificărilor survenite 
la nivelul patului albiei în profil transversal. Mai mult, cu ajutorul sistemului ADCP viteza 
scurgerii la nivelul patului albiei a fost evaluată. Metoda ar trebui totuşi calibrată în viitor cu 
ajutorul metodei clasice de captare a sedimentelor. 
u 6. ábra: Terepi felmérések nagyvíznél (A, B) és kisvíznél ADCP-vel (C, D) és mérőállomással 
(E, F), valamint a makói szelvényben georadarral (G, H).
u Fig. 6: Investigaţii de teren la ape mari (A, B) şi mici utilizând ADCP (C, D) şi staţia totală 
(E, F) şi măsurători în profil transversal la Makó (G, H).
u Fig. 6: Field surveys at high water (A, B) and low water using ADCP (C, D) and total station 













A folyószabályozások előtt a Maros sík-
sági szakaszát a folyásirány és a kanyaru-
latok fejlettsége alapján 10 egységre lehe-
tett osztani. Ezek az egységek különböző 
medermintázatot és -dinamikát mutattak 
(7. ábra). A 175 km-es síksági szakaszon 
5 nagyon aktívan fejlődő, a terep lejtésvi-
szonyainak megváltozásával kapcsolatba 
hozható szakasz különíthető el. Ezeken a 
területeken jelenleg és a jövőben is foko-
zott mederdinamika várható.
Az első nagyon aktív szakasz Ópálos 
és Mondorlak között figyelhető meg. Itt 
elágazó folyószakaszok homokpadok és 
mederközepi szigetek jelezik a hegységből 
kiérkező folyó hirtelen eséscsökkenését, a 
hegyégi és síksági zóna határát (7. ábra).
Mondorlak és Arad között a folyót 
enyhe kanyarulatokat fejlesztett, ami 
alacsonyabb lejtésre és kisebb energiára 
utal. Tovább haladva azonban ismét érett, 
néhol aszimmetrikus és túlfejlett kanya-
rulatok figyelhetők meg, melyek feltehe-
tőleg tektonikus folyamatokat, azaz a Bat-
tonyai hát kiemelkedési zónájának határát 
jelezik (7. ábra). Kissé lejjebb Zádorlak és 
Pécska között már egyenlő távolságokra 
elhelyezkedő, stabil és jól fejlett kanyaru-
latok alakultak ki. 
A harmadik nagyon aktív folyószakasz 
Pécska alatt húzódik (7. ábra). Itt a kanya-
rulatok torlódása a kiemelkedési zóna 
nyugati határát jelzi. A lejtés megnő, amit 
a folyó kanyarulatainak fejlesztésével 
kompenzál. Szemlak és Nagylak között 
a Maros irányt vált és egy törésvonal 
Rezultate
180 de ani de evoluţie
În stadiul anterior regularizărilor sec-
torul de câmpie al Mureşului putea fi 
divizat în 10 unităţi pe baza direcţiei de 
scurgere şi a gradului de meandrare. Uni-
tăţile aveau o morfologie şi o dinamică 
diferită (Fig. 7). Pe cei 175 de km de câm-
pie, 5 sectoare foarte active se evidenţiază 
prin schimbări bruşte de pantă. Acest 
aspect determină o dinamică ridicată a 
albiei în zonele respective atât în prezent, 
cât şi foarte probabil în viitor.
Primul sector foarte activ poate fi iden-
tificat între Păuliş şi Mândruloc. Albiile 
bifurcate, reniile de nisip şi insulele mar-
chează contactul zonelor mai înalte cu cele 
coborâte, unde pantele scad brusc (Fig. 7).
Între Mândruloc şi Arad râul a dezvol-
tat bucle moderate, care indică o pantă 
redusă şi o scădere a energiei. În aval apar 
din nou meandre mature, unele dintre 
acestea fiind asimetrice şi supradezvol-
tate, indicând probabil prezenţa unei falii 
şi anume marginea estică a zonei înălţate 
Battonya (Fig. 7). Puţin mai în aval, între 
Zădăreni şi Pecica meandrele sunt apro-
ximativ egal despărţite, stabile şi bine 
dezvoltate.
Următoarea secţiune foarte activă 
poate fi întâlnită în aval de Pecica (Fig. 7). 
Aici meandrele sunt apropiate şi consem-
nează marginea vestică a zonei ridicate 
tectonic, iar râul este obligat să com-
penseze creşterea declivităţii terenului 
prin sporirea mărimii meandrelor. Între 
Semlac şi Nădlac Mureşul îşi schimbă 
direcţia şi curge în lungul unei falii 
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mentén halad tovább (Laczay 1975). Itt 
főleg fonatos folyószakaszok találha-
tóak, a kanyarulatok fejletlenek és a folyó 
futása meglehetősen stabil. Ugyanez igaz 
a Nagylak–Csanád szakaszon, de ez eset-
ben a kanyarulatok sokkal fejlettebbek. 
A negyedik, megnövekedett energi-
ájú és aktivitású szakasz Csanád és Makó 
között húzódik (7. ábra). Kialakulása 
annak köszönhető, hogy a folyó itt éri el 
hordalékkúpja szélét, lejtése és energiája 
újból megnő. A folyószakasz morfológiája 
hasonlít az Ópálos és Mondorlak közötti 
szakaszra. Makótól Deszkig jól fejlett 
kanyarulatok jellemzőek, de a torkolat 
környékén a kis lejtésnek köszönhetően 
számos torzult kanyarulat is megfigyel-
hető (7. ábra).
(Laczay 1975), aici putând fi identificate 
secţiuni despletite cu meandre slab dez-
voltate, râul fiind destul de stabil. Aceleaşi 
caracteristici sunt specifice următorului 
sector cuprins între Nădlac şi Cenad, dar 
cu meandre mai dezvoltate.
A patra secţiune este caracterizată de o 
sporire a energiei şi activităţii râului între 
Cenad şi Makó (Fig. 7). Această zonă a 
apărut datorită apropierii râului de margi-
nea conului aluvionar, unde pantele cresc. 
Formele sunt similare cu cele de lângă 
Păuliş şi Mândruloc. Mai jos de Makó pot 
fi întlnite meandre mature, bine dezvol-
tate, dar în zona gurii de vărsare câteva 
meandre distorsionate şi înghesuite sunt 
prezente datorită existenţei unor supra-
feţe cu înclinare moderată (Fig. 7).
7. ábra: A szabályozások előtti Maros futása, illetve a kanyarulatok torlódási zónái Laczay (1982), 
valamint Lancaster és Bras (2002) paraméterei alapján.
Fig. 7: Cursul pre-regularizare al Mureşului şi zonele de meander congestionate, având la bază 
parametrii lui Laczay (1982) şi Lancaster and Bras (2002). 
Fig. 7: The course of the pre-regulation Maros/Mureş and zones of meander congestion based on 
parameters of Laczay (1982) and Lancaster and Bras (2002).
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Korábbi vizsgálataink alapján megállapít-
ható, hogy a Szemlak–Szeged szakaszon 
az 1829-es és 1865-ös térképek alapján a 
természetesen lefűződött holtágaknak, 
valamint a kanyarulatfejlődésnek köszön-
hetően egyes felülnézeti paraméterek 
értékeiben 8–10% különbség mutatko-
zott (Sipos 2006). Ez a vizsgált 30–40 éves 
időintervallumban a folyó természetes 
változékonyságának tekinthető. 
A 19. századi folyószabályozások követ-
keztében viszont a formák és a folyama-
tok megváltoztak. A meder lejtése és a 
folyó energiája jelentősen megnőtt, amely 
több helyen eróziót és a meder kiszélese-
dését eredményezte (Török 1977). Azok a 
szakaszok, melyeket később a 20. század 
folyamán partbiztosítással stabilizáltak 
(pl. Lippa alatt, Arad és Pécska környékén, 
Makó alatt) az elmúlt 50 évben csak alig 
változtak. Mindezek ellenére voltak olyan 
szakaszok, amelyek a folyószabályozások 
után teljesen átalakultak. Különösen azon 
În ceea ce priveşte secţiunea cuprinsă 
între Semlac şi Szeged s-a constatat că 
între 1829 şi 1865 diferenţele dintre para-
metrii morfometrici calculaţi au atins 
şi 8–10%, datorită gâtuiturilor naturale 
şi a evoluţiei meandrelor (Sipos 2006). 
Această rată poate fi considerată ca fiind 
expresia variabilităţii naturale a râului 
pentru o perioadă de 30–40 ani.
Formele şi procesele s-au schimbat 
semnficativ după regularizările din seco-
lul al XIX-lea, panta albiei şi energia ridi-
cată  conducând la o eroziune accentuată 
şi la o lărgire a albiei în mai multe loca-
ţii (Török 1977). Secţiunile stabilizate în 
secolul XX în urma lucrărilor hidroteh-
nice din aval de Lipova, de lângă Arad şi 
Pecica, sau din aval de Makó au generat 
modificări reduse în ultimii 50 de ani. 
Au fost însă şi sectoare care au cunos-
cut schimbări majore după regularizare. 
În mod special, e cazul acelor areale 
dezvoltate intens în secţiunile cu maluri 
8. ábra: A Maros futásának változása az Ópálos–Mondorlak szakaszon az utóbbi 150 évben.
Fig. 8: Evoluţia cursului Mureşului în sectorul Păuliş–Mândruloc în ultimii 150 de ani.
Fig. 8: The evolution of the course of Maros/Mureş on the Păuliş–Mândruloc section in the past 
150 years.
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területek fejlődtek dinamikusan, ahol a 
partvonalakat nem biztosították és a folyó 
aktivitása a folyószabályozások előtt is 
jelentős volt (8. ábra).
Az intenzív mederfejlődésre jó példa az 
Ópálos és Mondorlak közötti medersza-
kasz (8. ábra). Ezen a területen a kanyaru-
lat-átvágások és a szabályozás következ-
tében, mintegy 30%-kal csökkent a folyó 
hossza (25,5 km-ről 18,6 km-re). A Maros 
az emberi beavatkozásra érzékenyen rea-
gált és új kanyarulatokat kezdett fejleszteni. 
A kanyarulatfejlődés üteme kezdetben igen 
gyors volt, majd az 1980-as évekre lelassult 
(8. ábra). Az elmúlt 30 évben azonban a 
változások mértéke megduplázódott, így az 
Ópálos–Mondorlak szakasz hossza 1980 
és 2006 között 20,9 km-ről 23,1 km-re nőtt, 
ami évente közel 100 m-es növekedést 
jelent. A kanyarulatfejlődés felgyorsulása 
egyértelműen a mederből történő homok-
kitermeléssel és az ennek következtében 
felgyorsuló parterózióval hozható kapcso-
latba. Egyes szakaszokon a meder eltere-
lése is hozzájárult a hossznövekedéshez. 
A folyó jelenlegi hossza még nem éri el a 
szabályozás előtti értéket. A jövőben ezért 
további erózió várható, ami elsősorban 
Mondorlakot veszélyeztetheti.
Hasonlóan intenzív mederfejlődés 
figyelhető meg a Pécska és Szemlak közötti 
szakaszon is (9. ábra), igaz itt a legjelen-
tősebb változások a szabályozások és az 
1950-es évek közötti időszakban történtek. 
Természetes állapotban a szakasz hosz-
sza 29,1 km volt, ezt a szabályozás során 
több mint 50%-kal, 13,9 km-re csökken-
tették. A kanyarulatok intenzív fejlődése 
itt is megindult, de ez főként a Pécska 
alatti kevésbé szabályozott szakaszt érin-
tette (9. ábra). Az 1950-es évekre a folyó 
hossza 19,3 km-re nőtt, ami több mint 
instabile şi care, au fost afectate de o acti-
vitate fluvială sporită înainte de regulari-
zare (Fig. 8).
Un exemplu foarte potrivit de dina-
mică accelerată îl reprezintă sectorul 
dintre Păuliş şi Mândruloc (Fig. 8). Pe 
această porţiune lucările de regularizare 
au diminuat lungimea râului cu 30%, de 
la 22,5 km la 18,6 km. Mureşul a răspuns 
într-o manieră foarte senzitivă la inter-
venţiile antropice şi a dezvoltat noi mean-
dre, mai întâi într-un ritm mai accentuat, 
iar apoi procesul s-a încetinit până în anii 
‚80 ai deceniului trecut (Fig. 8). În ultimii 
30 de ani rata modificărilor s-a dublat, 
iar între 1980 şi 2006 lungimea secţiunii 
Păuliş-Mândruloc a crescut de la 20,9 la 
23,1 km, cu aproximativ 100 m în medie 
pe an. Accelerarea dezvoltării meandrării 
poate fi, în opinia noastră, determinată de 
exploatările intense din albie şi de inten-
sificarea eroziunii malurilor. În anumite 
porţiuni devierea artificială a contribuit la 
creşterea lungimii râului. Lungimea actu-
ală a râului nu a atins valoarea dinainte de 
regularizare, astfel că eroziunea este posi-
bil să se intensifice în viitor şi să ameninţe 
localitatea Mândruloc.
De asemenea, intensificarea activităţii 
a putut fi determinată în sectorul Pecica–
Semlac (Fig. 9), datorită schimbărilor 
dramatice survenite în intervalul care a 
urmat regularizărilor şi până în anii 50 ai 
secolului trecut. În starea sa naturală sec-
ţiunea avea o lungime de 29,1 km, iar apoi 
lungimea sa a scăzut cu peste 50%, la 13,9 
km. Formarea meandrelor a început şi 
aici, cu precădere în aval de Pecica, unde 
râul a fost mai puţin afectat de interven-
ţii antropice (Fig. 9). După deceniul al 
5-lea al secolului XX lungimea râului a 
crescut la 19,3 km, ceea ce se traduce 
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100 m/év növekménynek felel meg. Azóta 
a változások inkább csak az újból kiala-
kuló meanderező szakaszt érintették. Itt az 
egyik kanyarulat például mára már közel 
került a természetes lefűződéshez (9. ábra). 
Összehasonlítva az Ópálos–Mondorlak 
szakasszal, a kavics és homokkitermelés 
hatásai itt kevésbé érzékelhetőek, így az 
elmúlt 30–40 évben a külső ívek eróziója 
kevésbé volt intenzív. Ennek oka a részleges 
mederrendezés és a legaktívabb bányászati 
tevékenységtől való nagyobb távolság lehet.
A 19. századi szabályozások óta a folyó 
hosszának növekedése általánosnak tekint-
hető a romániai szakaszon. Mindez a folyó 
természetes reakciójaként értékelhető, 
hiszen igyekszik visszatérni eredeti mintá-
zatához és morfológiájához. A hossz mel-
lett a meder szélessége és a mederközepi 
szigetek kiterjedése is jelentősen változott. 
Ezek a folyamatokat azonban harmadik 
mintaterületen, a két ország közötti határ-
szakaszon, pontosabban kimutathatók.
printr-o rată  anuală de peste 100 m. De 
atunci modificările au afectat zonele în 
care s-au format noi meandre, unul dintre 
acestea fiind deja gâtuit în mod natural 
(Fig. 9). În comparaţie cu sectorul Păuliş– 
Mândruloc, efectele excavărilor din albie 
sunt mult mai reduse, eroziunea maluri-
lor fiind aici mai puţin viguroasă în ulti-
mii 30–40 de ani. Aceasta se datorează 
parţial structurilor de control ale râului – 
asociate cuverturii sedimentare a patului 
albiei – şi distanţei faţă de balastiere.
Dacă analizăm sectorul românesc se 
poate surprinde o creştere generală a 
lungimii râului după regularizările din 
secolul 19. Această evoluţie se datorează 
tendinţei naturale a râului de a-şi regăsi 
echilibrul natural şi morfologia iniţială. 
Ceilalţi parametrii (lăţimea râului, exten-
siunea insulelor) au surprins de asemenea 
modificări notabile, care însă vor fi pre-
zentate pentru sectorul al treilea, cel de 
graniţă dintre România şi Ungaria.
9. ábra: A Maros futásának változása a Pécska–Szemlak szakaszon az utóbbi 150 évben.
Fig. 9: Evoluţia cursului Mureşului în sectorul Pecica–Semlac în ultimii 150 de ani.
Fig. 9: The evolution of the course of Maros/Mureş on the Pecica–Semlac section in the past 150 years.
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A 22 km hosszú határszakasz fejlődése 
egyedi, mivel ezt a területet a 19. szá-
zadi szabályozás óta emberi beavatkozá-
sok alig érték. Így a rajta megfigyelhető 
változások jól jelzik a szabályozások 
morfológiai és hidrológiai hatásait és a 
folyó ezekre adott válaszait (10. ábra). 
Természetes állapotában ez a szakasz 
meanderező-anasztomizáló mintázatot 
mutatott. A főmeder teljes hossza 40,5 
km volt, mely a szabályozás hatására 23,8 
km-re rövidült. Annak ellenére, hogy 
további beavatkozások nem érték, azaz 
szinte szabadon fejlődhetett a folyó hosz-
sza itt alig nőtt. Kismértékű kanyarulatfej-
lődés csupán az eredetileg is meanderező, 
rendkívül stabil Nagylak–Csanád közötti 
szakaszon tapasztalható (11. ábra).
Miért nem fejlődtek ki az elmúlt 
150 évben új kanyarulatok a korábban 
meanderező és anasztomizáló Apátfalva 
melletti szakaszokon? Ennek valószínű-
síthető oka, hogy a Maros mintázata és a 
hordalékszállításának dinamikája itt oly 
mértékben megváltozott, hogy új egyen-
súlyi állapotot alakult ki (Sipos és Kiss 
2004). Ennek során a folyó fonatos jelle-
get öltött: széles és sekély medret alakí-
tott ki, melyben intenzív zátony- és szi-
getképződés jellemző mind a mai napig. 
Ez hozzájárul a folyó energiaviszonyainak 
részleges stabilizálásához. A formák dina-
mikáját az 1950 óta rendelkezésre álló 
légifotók segítségével részletesen is meg-
vizsgáltuk.
Sectorul de 22 km de graniţă are o istorie 
proprie, deoarece, exceptând lucrările de 
regularizare din secolul al-XIX-lea a fost 
foarte puţin afectat de intervenţia antro-
pică. De aceea este un bun indicator de 
evaluare a modificărilor hidrologice şi 
morfologice determinate atât de procese 
naturale cât şi artificiale (Fig. 10). În sta-
diul său natural această secţiune s-a înca-
drat tipului meandrat, anastomozat, având 
o lungime totală de 40,5 km, care s-a redus 
la 23,8 km după regularizări. Spre deose-
bire de celelalte sectoare lungimea râului a 
crescut intens de atunci, evoluând aproape 
natural, intervenţia antropică fiind redusă. 
O dezvoltare sensibilă a meandrelor poate 
fi detectată în sectorul stabil dintre Nădlac 
şi Cenad, afectat de meandrare înainte de 
regularizări (Fig. 11). 
De ce nu s-a intensificat dezvoltarea 
meandrelor în sectorul din jurul localită-
ţii Apátfalva în ultimii 150 de ani în con-
diţiile existenţei unui curs meandrat şi 
anastomozat în secolul al XIX-lea? Moti-
vul îl constituie schimbarea dramatică a 
morfologiei râului şi probabil a dinamicii 
sedimentelor, astfel încât Mureşul şi-a 
găsit un nou stadiu de echilibru (Sipos 
şi Kiss 2004). Acest stadiu este caracte-
rizat printr-un curs despletit, lat şi puţin 
adânc şi o dinamică accentuată a talvegu-
lui, plajelor şi insulelor. Dinamica acestor 
elemente a putut fi investigată mai atent 
cu ajutorul aerofotogramelor din fiecare 
decadă ce a urmat anului 1950.
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10. ábra: A Maros futásának változása a Nagylak–Apátfalva szakaszon az utóbbi 150 évben. 
A piros kerettel jelölt területek a 11. ábrán láthatók kinagyítva.
Fig. 10: Evoluţia cursului Mureşului în sectorul Nădlac–Apátfalva în ultimii 150 de ani. Zonele 
marcate de dreptunghiuri roşii sunt prezentate în detaliu în Fig. 11.
Fig. 10: The evolution of the course of Maros/Mureş on the Nădlac–Apátfalva section in the past 
150 years. The areas marked by red rectangles are shown in detail on Fig. 11.
Jelenlegi és korábbi kutatásaink alapján 
(Sipos és Kiss 2003, Kiss és Sipos 2009) 
megállapítható, hogy a Maros szigeteinek 
fejlődése összetett folyamat. A növény-
zettel borított szigetek kezdeményei 
a nagyobb árvizekkor képződő magas 
zátonyfelszíneken alakulnak ki a fűzfa 
és nyárfa magoncok megtelepedésének 
köszönhetően. A így kialakult szigetma-
gok csak akkor stabilizálódnak véglege-
sen, ha a megtelepedést hosszú kis- és 
középvizes időszak követi, és a magoncok 
meg tudnak erősödni. A formák így már 
ellenállnak a soron következő árvizeknek 
(12. ábra). A növényzet megtelepedése és 
a stabilizáció között 4–5 év telik el (Sipos 
2006).
A növényzet által megkötött szigetek 
meglepő dinamikával fejlődnek tovább. 
Egy részük folyásirányban „vándorol”, azaz 
sodrással szembeni végük erodálódik, 
Pe baza cercetărilor noastre prezente 
şi din trecut (Sipos şi Kiss 2003, Kiss şi 
Sipos 2009) am descoperit că formarea 
insulelor reprezintă un proces complex. 
Structura insulelor acoperite de vegetaţie 
se dezvoltă în special atunci când reniile 
înălţate de inundaţiile majore sunt colo-
nizate de specii de salcie şi plop. Stabili-
zarea finală a insulelor se poate produce 
doar dacă persistenţa apelor joase şi 
medii urmează colonizării vegetale, iar 
seminţele speciilor amintite pot evolua. 
În acest fel insulele vor rezista următoare-
lor inundaţii (Fig. 12). În general e nevoie 
de 4–5 ani între colonizare şi stablizarea 
acestora (Sipos 2006).
Formele stabilizate se vor dezvolta în 
continuare într-un ritm accelerat. Poziţia 
lor în cadrul albiei putându-se schimba, 
de vreme ce partea sa dinspre amonte 
este erodată, iar cea din aval aluvionată, 
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11. ábra: A partvonal és középvonal változásai a viszonylag stabil határszakaszon a szabályozások 
óta (1: partvonal 1865-ben, 2: partvonal 1953-ban, 3: partvonal 2000-ben, 4: középvonal 1865-
ben, 5: középvonal 1953-ban, 6: középvonal 2000-ben).
Fig. 11: Modificările suferite de maluri şi de linia centrală într-un sector relative stabil din zona 
graniţei (1: malul în 1865, 2: malul în 1953, 3: malul în 2004, 4: linia centrală în 1865, 5: linia 
centrală în 1953, 6: linia centrală în 2000).
Fig. 11: The changes of bankline and centre line on the relatively stable border section (1: bankline 
in 1865, 2: bankline in 1953, 3: bankline in 2000, 4: centre line in 1865, 5: centre line in 1953, 6: 
centre line in 2000).
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miközben alsó végükön a növényzet újabb 
és újabb felszíneket stabilizál (12. ábra). 
A szigetek vándorlásának átlagos sebes-
sége elérheti a 10 m/évet.
materialele putând proveni chiar din par-
tea din amonte (Fig. 12). Migrarea insule-
lor poate avea în medie rate de 10 m/an. 
12. ábra: Szigetek születése és fejlődése. (A) Fiatal sziget kezdemény Apátfalvánál. (B) Egy vándorló 
sziget Magyarcsanádnál, alsó végén jól látható az újabb felszíneket stabilizáló fiatal növényzet.
Fig. 12: Naşterea şi dezvoltarea insulelor. (A) O nouă insulă apărută la Apátfalva. (B) O insulă 
care migrează la Cenadul Unguresc cu vegetaţia colonizând noi suprafeţe ale părţii sale terminale.
Fig. 12: The birth and develpment of islands. (A) A new island core being born at Apátfalva. (B) 
A migrating island at Magyarcsanád, note that at its lower end vegetation colonises new surfaces.
u 13. ábra: A fonatos apátfalvi medertágulat ciklikus fejlődése.
u Fig. 13: Dezvoltarea ciclică a sistemului de insule împletite de la Apátfalva.




A növekvő és vándorló szigetek a mel-
lékágak eltömődésével végül a partba is 
olvadhatnak (11. ábra), ami jelentősen 
befolyásolja a meder áramlási viszonyait, 
ezáltal parteróziót valamint további szi-
getképződést idézhet elő. A formák kép-
ződése és fejlődése ciklikus folyamatnak 
tekinthető, melynek fő fázisai a sziget 
kialakulása, vándorlása végül partba olva-
dása (13. ábra). Ez a folyamat elsősorban a 
kiszélesedő, akár 200–250 m széles és 1–2 
km hosszú gázló szakaszokon jellemző 
(Sipos et al. 2007). Ezeket a szakaszokat 
medertágulatoknak nevezzük. A határ-
szakasz tágulatainak kulcsszerepük van 
a hosszabb távú morfológiai stabilitás 
megőrzésében, mivel a folyó sebességét 
csökkentik, s így kevesebb energia jut a 
meanderek kialakítására (Sipos és Kiss 
2004, Kiss és Sipos 2007).
Creşterea insulelor este influenţată şi de 
dinamica malurilor, în condiţiile unei col-
matări intense a braţelor (Fig. 11). Acest 
proces joacă un rol important în hidrau-
lica albiei minore, generând eroziunea 
malurilor şi formarea insulelor. Aceste 
procese pot fi înţelese ca parte a evoluţiei 
ciclice a insulelor în diferitele stadii: iniţi-
ere, migrare şi asimilare (Fig. 13). Schim-
bările ciclice sunt caracterizate de modi-
ficări care pot avea o amplitudine de 1–2 
km în condiţiile unui râu lat (200–250 m 
lăţime) (Sipos et al. 2007). Aceste unităţi 
largi sunt numite „panglici” şi au un rol 
cheie în preservarea stabilităţii pe termen 
lung a râului, de vreme ce aceste braţe 
disipează o parte importantă din energia 
râului, energie care ar fi folosită în proce-
sul de meandrare (Sipos şi Kiss 2004, Kiss 
şi Sipos 2007). 
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A fentiek alapján a szigetek száma és 
kiterjedése, valamint a medertágulatok 
szélességének változása jól jelzi a folyó 
futásának várható stabilitását (Sipos et 
al. 2007). A légifotók elemzése alapján 
a Nagylak–Makó szakaszon az utóbbi 
60 évben a mederközepi szigetek száma 
26-ról 21 re csökkent, míg átlagos terü-
letük 0,5-ről 1,2 hektárra emelkedett. 
Mindez jórészt az 1990-es és 2000-es 
években jellemző kisvizes, kisenergiájú 
időszaknak köszönhető, amely elősegí-
tette a zátonyfelszínek növényzet általi 
megkötését. Mindeközben általános 
mederszűkülést is kimutatható, amely 
elsősorban a tágulati szakaszokat érinti 
Ca şi o consecinţă a celor prezentate 
anterior, numărul şi extensiunea insulelor 
şi schimbările lăţimii albiilor despletite 
sunt buni indicatori ai stabilităţii râului 
(Sipos et al. 2007). Analiza aerofotogra-
mele noastre a arătat că în sectorul de 
graniţă dintre Nădlac şi Makó numărul 
insulelor din cadrul albiei a scăzut de la 
26 la 21, iar suprafaţa lor a crescut sem-
nificativ, de la 0.5 la 1.2 ha în ultimii 60 
de ani. Acest lucru este datorat scurgerii 
scăzute şi energiei reduse a râului din anii 
1990 şi 2000, care au permis colonizarea 
suprafeţelor reniilor în curs de dezvol-
tare. Între timp o îngustare a albiilor a 
fost detectată, afectând în principal albiile 
14. ábra: A folyó szélessége 100 méterenként a Nagylak–Szeged szakaszon 1953-ban és 2006 ban.
Fig. 14: Lăţimea râului la intervale de 100 m între Nădlac şi Szeged în intervalul 1953 şi 2006.
Fig. 14: The width of the river at every 100 m on the Nădlac–Szeged section in 1953 and 2006.
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(14. ábra). A határszakaszon a folyó átlag-
szélessége 1953 és 2006 között 180-ról 
156 m-re csökkent, ami több mint 10%-os 
mederszűkülést jelent.
despletite (Fig. 14). Pe sectorul de graniţă 
lăţimea medie a scăzut de la 180 la 156 m 
între 1953 şi 2006, ceea ce reprezintă o 
îngustare mai mare de 10%.
2. táblázat: A folyó szélességének változása a Pécska–Nagylak, a Nagylak–Makó és a Makó– 
Szeged szakaszokon.
Tabelul 2: Modificările lăţimii Mureşului în sectorul Pecica–Nădlac, Nădlac–Makó, şi Makó–
Szeged.
Table 2: Changes in width values on the Pecica–Nădlac, Nădlac–Makó and Makó–Szeged 
sections.
Pecica–Nădlac (44.3 km) Nădlac–Makó (22 km) Makó–Szeged (28 km)
1980 2006 1953 1973 2006 1953 1973 2006
wmax (m) 384 462 333 304 321 231 219 202
wmin (m) 81 69 66 111 83 53 70 59
wmean (m) 170 165 189 180 156 124 120 108
wmax: maximális szélesség/lăţimea maxima/maximum width, wmin: minimális szélesség/lăţimea minima/minimum width, 
wmean: átlag szélesség/lăţimea medie/mean width
A Pécska és Nagylak közötti szakaszon 
szintén kimutatható a meder szűkülése. 
Itt az átlagszélesség 170 m-ről 165 m-re 
csökkent 1980 és 2006 között (2. táblá-
zat). A fentiekhez hasonlóan a szigetek 
száma is csökkent, azaz a fenti folyama-
tok a bányászat által átalakított területek 
kivételével a Maros teljes síksági szaka-
szán jellemzőek. Ez alapján feltételezzük, 
hogy a szigetrendszerek és a medertágu-
latok szabályozó szerepe csökken a folyó 
morfológiájának fejlődésében. Mindez 
fokozódó eróziós tevékenységhez, illetve 
az eredeti mintázathoz (meanderező) tör-
ténő visszatéréshez vezethet elsősorban 
azokon a szakaszokon, melyek viszonylag 
szabadon fejlődhetnek (például  Nagylak 
és Apátfalva között). Mindamellett a 
megfigyelt folyamatok sebessége alap-
ján jelentősebb átalakulás csak hosszabb 
távon várható.
În cazul sectorului Pecica–Nădlac îngus-
tarea albiei a fost de asemenea detectată, 
lăţimile medii scăzând de la 170 la 165 
m între 1980 şi 2006 (Tabelul 2). Într-un 
mod similar numărul insulelor active a 
scăzut. Aceste procese sunt vizibile pe tot 
cursul inferior al Mureşului, cu excepţia 
sectoarelor afectate de exploatările din 
albie.
În consecinţă sugerăm că rolul insule-
lor şi al sectoarelor despletite de albie în 
controlarea energiei acestuia s-a dimi-
nuat. Această evoluţie conduce la acce-
lerarea proceselor de eroziune şi în final 
la întoarcerea la forma originală în secţi-
unile în care râul nu este constrâns antro-
pic (ex: sectorul Nădlac–Apátfalva). Cu 
toate acestea, pe baza ratelor de dinamică 
detectate, putem presupune că aceste 
procese pot conduce la schimbări semni-
ficative doar pe termen lung.
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Mint láttuk, a változások iránya ha-
sonló, de az átalakulás sebessége változó 
a folyó különböző szakaszain. A legin-
tenzívebb mederfejlődés azokon a szaka-
szokon jellemző, ahol tektonikus hatások 
is befolyásolják a folyó morfológiáját és 
dinamikáját. Azonban a stabilabb szaka-
szokon megfigyelhető kevésbé intenzív 
folyamtok is előidézhetnek nem kívánt 
változásokat, például eróziót a szabályo-
zási művek (deszki kanyarulat) és más inf-
rastruktúrák (pécskai híd) közelében, il-
letve egyes természeti értékek pusztulását 
(pl. mederközepi szigetek). Ezért hosszú 
távon is nagyon fontos lenne a változá-
sok nyomon követése, hiszen így megala-
pozhatók azok a stratégiai döntések, 
melyekkel mind a folyó stabilitása, mind 
pedig természeti értékei megőrizhetőek.
A projekt keretében ezért az elérhető 
román és magyar adatforrásokból egy 
egységes térinformatikai rendszert építet-
tünk ki. Ez az adatbázis az alapja a jövő-
ben tervezett monitoring jellegű vizsgála-
toknak, melyek segítségével követni lehet 
a folyó jövőbeli fejlődést.
Rövid távú mederfejlődés
Mint már említettük, a Maros nagy 
mennyiségű görgetett hordalékot szállít. 
A dűnék és zátonyok formájában történő 
hordalékmozgásnak fontos szerepe van 
a folyó jelenlegi stabilitásának és forma-
kincsének megőrzésében. Az áramló víz 
energiájának egy része ugyanis a fenék-
hordalék szállítására, áthalmozására 
fordítódik, valamint a jelenleg megfi-
gyelhető formák kialakulásához szintén 
elengedhetetlen a nagy mennyiségű hor-
dalék. Mindemellett a homokos-kavicsos 
După cum s-a văzut, tendinţa modi-
ficărilor este similară, dar amplitudinea 
variază în funcţie de fiecare secţiune în 
parte. Cel mai afectate sunt acele supra-
feţe a căror morfologie şi dinamică este 
influenţată de tectonică. Repercursiunile 
acestor schimbări în arealele relative sta-
bile pot conduce la evenimente nedorite, 
cum ar fi afectarea structurilor antropice 
(ex: podul de la Pecica) de către eroziune 
sau dispariţia unor elemnte cu valoare 
naturală ridicată (ex: insulele). De aceea 
pe termen lung este necesară o monito-
rizare a modificărilor, pentru a dezvolta 
cea mai bună strategie de preservare a 
stabilităţii râului (absenţa eroziunii) şi a 
valorilor naturale (insulele şi sectoarele 
despeltite).
În cadrul acestui proiect a fost realizată 
o analiză GIS uniformă a tuturor tipurilor 
de date (imagini şi hărţi) disponibile atât 
pentru România cât şi pentru Ungaria. 
Această bază de date va reprezenta struc-
tura de referinţă în vederea continuării, 
în viitor, a monitorizării râului de către 
membrii proiectului.
Evoluţia albiei pe termen scurt
După cum s-a arătat, râul Mureş trans-
portă o cantitate mare de sedimente, 
atât în suspensie cât şi la nivelul patului 
albiei. Dinamica sedimentelor reflectată 
de forma dunelor şi reniilor joacă un rol 
cheie în susţinerea stabilităţii şi morfolo-
giei râului, de vreme ce o parte din ener-
gia râului este folosită pentru transportul 
şi redistribuirea sedimentelor, iar dez-
voltarea structurilor aluvionare din albie 
necesită livrarea unei cantităţi impor-
tante de sedimente. Pe lângă aceasta, 
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fenékhordalék kiváló építőanyag, így fon-
tos természeti erőforrás is egyben. Első-
sorban ezek a tényezők motiválták a folyó 
hordalékegyenlegére és hordalékháztar-
tására vonatkozó vizsgálatainkat.
Első mintaterületünket a homokki-
termelés által leginkább érintett szakasz 
felett, Lippánál jelöltük ki (3. ábra). Ezen 
a szakaszon a folyó esése, amely meghatá-
rozza energiáját és hordalékszállító képes-
ségét, 20 cm/km körüli. A hordalék főként 
kavicsból áll, de kisebb mennyiségben 
homok és iszap is található a mederben. 
A formák és a meder felépítése a fel-
mérések között alig változott. Ennek 
megfelelően jelentősebb hordalék pulzu-
sokat nem lehetett kimutatni (15. ábra). 
A négy felmérés során a hordalékmeny-
nyiség nettó változása minimális volt, 
azaz összességében a jelenlévő hordalék 
mennyisége nem csökkent (erózió) de 
nem is nőtt (akkumuláció) (3. táblázat). 
Az abszolút változás, azaz a zátonyok 
formájában átmozgatott hordalék meny-
nyisége nem haladta meg a 20 000 m3-t 
folyam-kilométerenként (3. táblázat). 
Ez azt jelenti, hogy az alföldi szakaszra 
a vizsgált időszakban valószínűleg nem 
érkezett nagyobb mennyiségű hordalék a 
hegységi területekről.
patul albiei, constituit din nisipuri şi 
pietrişuri şi reprezentând materialul de 
componenţă primar, constituie principala 
resursă naturală a regiunii. Acestea sunt 
cele mai importante motive pentru care 
s-a investigat bugetul de sedimente pe 
diferite sectoare ale Mureşului.
Primul sit a fost localizat lângă Lipova, 
în amonte de sectorul în care se găsesc 
cele mai multe balastiere (Fig. 3). În acest 
sector panta râului condiţionează energia 
acestuia asigurând o capacitate de trans-
port a sedimentelor de 20 cm/km. Patul 
albiei este compus în special din pietriş şi 
subordonat din nisip şi mâl. 
Morfologia şi arhitectura patului albiei 
s-au modificat substanţial între cam-
panile de măsurare. De asemnea, nu au 
putut fi detectate în acest sector diferenţe 
notabile în ceea ce priveşte transportul de 
sedimente (Fig. 15). Variaţia netă a canti-
tăţii de sedimente a fost minimă, nefiind 
evidenţiate modificări în ceea ce priveşte 
eroziunea şi acumularea generală (Tabe-
lul 3) cu ocazia celor patru campanii de 
măsurare. În termeni ai dinamicii abso-
lute însă cantitatea de sedimente remo-
delată sub forma barelor nu a depăşit 
20 000 m3/km de râu (Tabelul 3). Aceasta 
înseamnă că întreaga cantitate de sedi-
mente care este transportată în sectorul de 
câmpie al Mureşului este una moderată.
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15. ábra: Mederfejlődés a Lippa melletti felmérési területen: változás alig észlelhető.
Fig. 15: Schimbările canalului de albie minoră la situl de măsurare Lipova, cu o modificare puter-
nică a patului albiei.
Fig. 15: Channel development at the Lipova measurement site, note that the riverbed hardly changes.
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3. táblázat: A görgetett hordalék mennyiségének változása (hordalékháztartás) a Maros lippai 
szakaszán. Az értékek 1 folyamkilométerre vonatkoznak.
Tabelul 3: Dinamica transportului de sedimente la nivelul patului albiei în cazul sitului Lipova  cu 
date normalizate la 1 km de albie a râului.
Table 3: The changes in the quantity of bed load (sediment household) on the Lipova section of 




















06.2011. – 09.2011. 4 900 14 100 -9 200 19 000
09.2011. – 06.2012. 15 800 2 600 13 200 18 400
06.2012. – 10.2012. 5 300 8 300 -3 000 13 600
Aradnál, a legintenzívebb homokkiter-
melés zónájától folyásirányban lefelé, 
valamivel nagyobb változásokat tapasz-
taltunk. A közel 20 cm/km-es esés követ-
keztében ezen a szakaszon a folyó ener-
giája még aránylag nagy. A mederfenék 
főként agyaggal cementált kavicsból épül 
föl. A laterális és a vertikális erózió jegyei 
szembetűnők. Ugyanakkor a vizsgálat 
két éve alatt jelentős bevágódást nem, 
sőt inkább nettó üledék-felhalmozódást 
tapasztaltunk (4. táblázat), ami a hátra-
hagyott kitermelési gödrök folyamatos 
feliszapolódásának köszönhető (16. ábra). 
A felmérések között tapasztalt abszo-
lút eltérések nagyobbak voltak, mint 
Lippánál, és elérték a 30 000 m3 értéket 
folyam kilométerenként. Nagyobb hor-
dalék pulzust ezen a mintaterületen sem 
észleltünk (16. ábra), összességében nem 
mutatkoztak jelentős változások, bár az 
áthalmozott fenékhordalék mennyisége 
nagyobbra tehető, mint Lippánál. Ennek 
egyik lehetséges oka, hogy a bányászat 
során megbontott partok eróziójával a 
folyó többlethordalékot termel.
La Arad, în aval de sectorul din care se 
exploatează intensive, au fost observate 
schimbări mult mai mari. În condiţiile unei 
pante medii de 20 cm/km energia râului 
rămâne ridicată pe toată această porţi-
une. Patul albiei este constituit în princi-
pal din pietrişuri şi argile consolidate, iar 
elementele de eroziune sunt identificabile 
atât în plan vertical cât şi lateral. Oricum, 
pe durata celor doi ani de observaţii nu a 
fost detectată vreo incizie semnificativă 
 (Tabelul 4), iar acumularea netă s-a dato-
rat în principal unei colmatări continue 
a balastierelor din albie (Fig. 16). Schim-
bările absolute au fost mai mari decât în 
cazul Lipovei atingând 30 000 m3/km de 
râu. Nu au fost identificate modificări în 
ceea ce priveşte sistemul sedimentelor 
din patul albiei (Fig. 16). În general situl 
nu a cunoscut schimbări semnificative, 
dar cu toate acestea cantitatea de sedi-
mente transportate la nivelul patului albiei 
a fost estimată ca fiind mai ridicată decât 
în amonte, lângă Lipova. Unul din motive 
poate fi furnizarea unei cantităţi superi-
oare  de sedimente provenite din erodarea 
malurilor afectate de exploatările din albie.
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16. ábra: Mederfejlődés az Arad melletti felmérési területen: változások elsősorban a hátraha-
gyott kavicskitermelő-gödrökhöz kapcsolódóan figyelhetők meg.
Fig. 16: Schimbările canalului de albie minoră la situl de măsurare Arad, cu evidenţierea modifi-
cărilor rezultate, în principal, de la extracţia nisipurilor.
Fig. 16: Channel development at the Arad measurement site, note that changes are mainly related 
to pools resulted by sediment extraction.
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4. táblázat: A görgetett hordalék mennyiségének változása (hordalékháztartás) a Maros aradi 
szakaszán. Az értékek 1 folyamkilométerre vonatkoznak.
Tabelul 4: Dinamica transportului de sedimente la nivelul patului albiei în cazul sitului Arad, cu 
date normalizate la 1 km de albie a râului.
Table 4: The changes in the quantity of bed load (sediment household) on the Arad section of the 




















06.2011. – 09.2011. 19 800 8 900 10 900 28 700
09.2011. – 06.2012. 13 100 16 000 -2 900 29 100
06.2012. – 10.2012. 15 000 10 400 46 00 25 400
A Pécska melletti mérési területen a folyó-
meder dinamikája hasonló volt, habár a 
csökkenő vízfelszín esés (10 cm/km) miatt 
a Maros energiája itt kisebb. A meder-
fenék ugyanakkor közepes és durva 
szemcseméretű homokból áll, amit a 
folyó könnyebben tud szállítani és áthal-
mozni. A mérés ideje alatt a zátonyok 
elhelyezkedése és mérete nem változott, 
mederváltozást elsősorban a sodorvo-
nalban észleltünk (17. ábra). A hordalék-
egyenlegek alapján kismértékű, hibaha-
tárhoz közeli nagyságú akkumuláció 
mutatható ki (5. táblázat). A mérések 
közötti abszolút változások valamivel 
kisebbek voltak, mint Aradnál: nagyjá-
ból 25 000 m3 áthalmozódást mértünk 
kilométerenként (5. táblázat). A Pécskai 
szakaszon így közepes mederdinami-
kát és hordalékszállítást tapasztaltunk.
În cazul sitului Pecica modificările şi 
dinamica patului albiei au fost similare, 
deşi în urma scăderii pantei (10 cm/km) 
energia râului a scăzut. Patul albiei este 
compus din nisip mediu şi grosier trans-
portat şi modelat cu uşurinţă de Mureş. 
Pe durata măsurătorilor poziţia şi dimen-
siunile barelor nisipoase nu s-a modifi-
cat, mofologia fiind variabilă la nivelul 
talvegului (Fig. 17). Luând în conside-
rare balanţa sedimentelor, o acumulare 
netă nesemnifi-cativă în marja de eroare 
impusă a fost detectată (Tabelul 5). Modi-
ficările absolute au fost chiar mai reduse 
decât în cazul Aradului, situându-se în 
jurul a 25 000 m3 (Tabelul 5). De-a lungul 
secţiunii monitorizate de la Pecica râul 
a ,,experimentat” o dinamică moderată, 
având o capacitate medie de transport a 
sedimentelor..
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17. ábra: Mederfejlődés az Pécska melletti felmérési területen: változások elsősorban a sodorvo-
nalban figyelhetők meg.
Fig. 17: Schimbările canalului de albie minoră la situl de măsurare Pecica, mofologia fiind varia-
bilă la nivelul talvegului.
Fig. 17: Channel development at the Pecica measurement site, note that changes are mainly 
related to the thalweg
5. táblázat: A görgetett hordalék mennyiségének változása (hordalékháztartás) a Maros pécskai 
szakaszán. Az értékek 1 folyamkilométerre vonatkoznak.
Tabelul 5: Dinamica transportului de sedimente la nivelul patului albiei în cazul sitului Pecica cu 
date normalizate la 1 km de albie a râului.
Table 5: The changes in the quantity of bed load (sediment household) on the Pecica section of 




















06.2011. – 09.2011. 13 700 9 000 4 700 22 700
09.2011. – 06.2012. 17 500 10 500 7 000 28 000
06.2012. – 10.2012. 7 800 15 200 -7 400 22 000
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Folyásirányban tovább haladva a meder-
változások sokkal jelentősebbé válnak. 
Negyedik mintaterületünkön, Apátfalvá-
nál, a vízfelszín esése 15 cm/km körüli, 
a mederfeneket közepes és durva szem-
cseméretű homok építi fel. Következés-
képpen a folyó energiája és hordalékelra-
gadó-képessége nagyobb, mint Pécskánál. 
Mindemellett a meder dinamikája és 
változékonysága sokkal jelentősebb volt, 
mint az a többi mintaterület hordalék-
háztartása alapján várható lett volna (18. 
ábra). Az egymást követő felmérések 
alapján jelentős hordalék pulzusokat azo-
nosítottunk: homokzátonyok mozdultak 
el folyásirányban és új formák tűntek fel 
a mederben (18. ábra). Mindez azt jelenti, 
hogy nagy mennyiségű fenékhordalék 
haladt át a folyó apátfalvi szakaszán. 
A felmérések alapján igen jelentős 
nettó hordalék felhalmozódást észleltünk 
(6. táblázat), ami főként egy, a 2012-es év 
nagyvizes időszakában megjelenő nagy-
méretű homokzátonynak volt köszönhető 
(18. ábra). 
A változások abszolút mértéke, azaz 
az erózió és akkumuláció összege elérte 
az 50 000–70 000 m3-t folyam kilo méte-
ren ként (6. táblázat), ez mintegy kétsze-
rese a többi mintaterületen mért értékek-
nek. Mindez arra utal, hogy éves szinten 
minimálisan 100 000–120 000 m3 homok 
haladhat keresztül az apátfalvi rendsze-
ren. Természetesen a sodorvonalban, 
ahol a hordalékmozgás folyamatos még 
kisvízkor is, további jelentős mennyiségű 
hordalék szállítódhat. Felmerül a kérdés: 
Vajon honnan származhat az itt megmoz-
gatott hordalék?
Schimbările au o amplitudine mai mare 
înspre aval, în cazul sitului Apátfalva. 
Panta medie a râului este de 15 cm/km, 
iar patul albiei este compus din nisipuri 
medii şi grosiere. În consecinţă, energia 
şi capacitatea de antrenare a râului sunt 
superioare comparativ cu situl Pecica. 
Cu toate acestea dinamica canalului şi 
variabilitatea morfologică au fost mult 
mai intense decât se estimase pe baza 
balanţei sedimentelor în cazul siturilor 
din amonte (Fig. 18). Cu ocazia investi-
gaţiilor realizate au fost identificate mari 
diferenţe în dinamica sedimentelor, exis-
tând o tendinţă de deplasare a barelor de 
nisip înspre aval şi de apariţie a unor noi 
astfel de structuri în albie (Fig. 18). Toate 
acestea presupun transportul unei can-
tităţi importante de sedimente în acest 
sector. 
Pe baza măsurătorilor, o cantitate sub-
stanţială netă de sedimente poate fi detec-
tată (Tabelul 6) în acest sit şi se datorează 
dezvoltării unei plaje mari de nisip în 
urma apelor mari din 2012 (Fig. 18).
Schimbările absolute, s-au concre-
tizat în suma cantităţii de materiale 
accumulate ce a atins 50 000–70 000 m3 
(Tabelul 6) adică de două ori mai mult 
decât în cazul altor situri. S-a estimat o 
cantitate de 100 000–120 000 m3 de nisip 
transportată anual prin sistemul Apát-
falva. În mod natural, la nivelul talve-
gului, unde dinamica sedimentelor este 
prezentă chiar şi la ape mici, o cantitate 
semnificativă de sedimente pot fi trans-
portate la nivelul patului albiei. Se naşte o 
întrebare, şi anume, care ar fi sursa aces-
tui excedent de sedimente?
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18. ábra: Mederfejlődés az Apátfalva melletti mintaterületen: jól látható a zátony formájában 
érkező hordalék pulzus.
Fig. 18: Schimbările canalului de albie minoră la situl de măsurare Apátfalva, cu evidenţierea 
apariţiei de pulsuri sedimentare sub forma bancurilor de nisip.
Fig 18: Channel development at the Apátfalva measurement site, note the arrival of a sediment 
pulse in the form of a sand bar.
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6. táblázat: A görgetett hordalék mennyiségének változása (hordalékháztartás) a Maros apátfalvi 
szakaszán. Az értékek 1 folyamkilométerre vonatkoznak.
Tabelul 6: Dinamica transportului de sedimente la nivelul patului albiei în sectorul de la Apát-
falva cu date normalizate la 1 km de albie a râului.
Table 6: The changes in the quantity of bed load (sediment household) on the Apátfalva section 




















06.2011. – 09.2011. 27 300 29 300 -2 000 56 600
09.2011. – 06.2012. 54 900 17 900 37 000 72 800
06.2012. – 10.2012. 27 200 19 800 7 400 46 000
Láthattuk, hogy a síkságra kilépve a 
Maros hordalékháztartása egyensúlyban 
van: átlagos árhullámok és kisvizek ide-
jén mérsékelt mennyiségű anyag mozog-
hat a mederben. A nagymérvű homok-
bányászat miatt az Ópálos–Mondorlak 
szakaszon a folyó jelentősen túlmélyült 
mederben halad tovább, ahol a felsőbb 
szakaszokról érkező görgetett horda-
lék jelentős része csapdázódik. A moz-
gatott hordalék mennyisége Aradnál és 
Pécskánál kis mértékben, Apátfalvánál 
viszont ugrásszerűn növekszik. Utóbbi 
csak úgy magyarázható, ha a Pécska–
Apátfalva szakaszon a hordalékától meg-
szabadított folyó jelentős mennyiségű 
további hordalékot termel. Ebben a tekin-
tetben a Szemlak környékén elhelyez-
kedő, aktívan fejlődő kanyarulatoknak 
kulcsszerepe lehet (3. ábra), hiszen itt a 
partok eróziójával jelentős mennyiségű 
anyag kerülhet a mederbe. A fentiek alap-
ján nyilvánvaló, hogy a folyó fejlődését 
nagyban befolyásolja az intenzív homok-
kitermelés, mely egyes szakaszokon eró-
zióhoz, máshol ennek következtében hor-
dalék-felhalmozódáshoz vezet.
După cum s-a arătat anterior la intra-
rea Mureşului în câmpie cantitatea de 
sedimente transportate la nivelul patu-
lui albiei este moderată la ape medii şi 
mici. Extragerea unei canităţi mari de 
sedimente în secţiunea Păuliş–Mândru-
loc determină formarea artificială a unor 
cavităţi de mari dimensiuni în patul albiei 
unde sunt captate sedimentele transpor-
tate de râu. Dacă la Arad şi Pecica nu se 
înregistrează schimbări notabile, la Apát-
falva o creştere dramatică în cantitatea de 
sedimente transportate poate fi detectată. 
Acest fenomen poate fi explicat prin fap-
tul că râul eliberat din albia sa artificială 
furnizează o cantitate mai mare de sedi-
mente în sectorul Pecica–Apátfalva. În 
acest sens meandrele active din amonte 
de Semlac pot avea un rol cheie (Fig. 3), 
deoarece eroziunea malurilor generează 
o cantitate ridicată de sedimente, care 
ajung în albie. Pe baza elementelor pre-
zentate este evident că evoluţia actuală 
a râului este influenţată de activitatea de 
exploatare intensă, de eroziunea semnifi-
cativă din anumite sectoare şi de acumu-
larea cu precădere în altele.
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Kérdés, hogy az alsóbb szakaszok 
hordalékellátása a jövőben hogyan vál-
tozhat? A hordalékmennyiség esetleges 
csökkenésének kimutatásához a vizsgá-
latok következetes folytatására van szük-
ség. Mindamellett Apátfalva esetében 
az itt kapott eredményeket össze lehet 
hasonlítani korábbi méréseinkkel (Kiss 
és Sipos 2007), mivel 2003 és 2005 között 
ezt a szakaszt már vizsgáltuk, ráadásul 
ugyanazon keresztszelvények mentén. 
Az azonos vízszintre normalizált akkori 
és mostani átlagmélységek alapján meg-
állapítható, hogy a 2011–2012-es idő-
szakban az értékek általában nagyobbak 
voltak, azaz mintha mélyülne a meder 
habár esetenként egy-egy nagyobb zátony 
kialakulásával kisebb értékek is jelentkez-
tek (7. táblázat). Összességében hosszabb 
távon azért Apátfalvánál is kimutatható a 
hordalék-utánpótlás csökkenő tendenci-
ája, ami erózióhoz és fokozatos bevágó-
dáshoz vezethet.
Este firesc, aşadar, să ne punem între-
barea cum se va modifica dinamica sedi-
mentelor din albie în viitor? Pentru a 
determina tendinţa de scădere sunt nece-
sare investigaţii suplimentare. În acest 
sens putem compara rezultatele actuale 
obţinute la Apátfalva cu măsurătorile 
noastre precedente (Kiss and Sipos 2007), 
realizate în intervalul 2003–2005 când au 
fost efectuate investigaţii similare pe ace-
leaşi secţiuni transversale. Pe baza valo-
rilor medii anterioare şi prezente nor-
malizate am putut observa că adâncimile 
măsurate în 2011–2012 sunt în general 
mai mari - albia pare să cunoască o inci-
zie deşi trendul nu este foarte evident de 
vreme ce dezvoltarea unor renii de mari 
dimensiuni determină reducerea locală 
a adâncimilor (Tabelul 7). Totuşi, consi-
derăm că pe termen lung trebuie să ne 
aşteptăm la o incizie graduală a râului la 
Apátfalva ca urmare a descreşterii canti-
tăţii de sedimente transportate.
7. táblázat: Az Apátfalvánál felvett keresztszelvényekből számított átlagmélységek különböző 
időpontokban, a legnagyobb értékek kiemelésével.
Tabelul 7: Adâncimi medii măsurate în perioade diferite în profil transversal la Apátfalva, valorile 
cele mai mari fiind evidenţiate.
Table 7: Mean depths at different dates calculated on the basis of cross-sections surveyed at 






















Az átlagmélység minden esetben 
230 cm-es mederformáló vízállás-
hoz viszonyítva van megadva.
Adâncimile medii sunt întot-
deauna raportate la nivelul de refe-
rinţă de 230 cm.
Mean depth is always given with 
reference to the 230 cm channel 
forming water stage.
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Măsurătorile începute cu ocazia aces-
tui proiect trebuie continuate în vederea 
monitorizării bugetului de sedimente al 
Mureşului. Acest deziderat este impor-
tant nu numai din raţiuni economice, 
dar şi pentru că sedimentele albiei sunt 
esenţiale în menţinerea stabilităţii mor-
fologice şi a valorilor naturale ale râului. 
Prin urmare vom continua investigaţiile 
în siturile: Lipova, Arad, Pecica, Apátfalva 
în viitor urmând să fie folosit un model 
şi mai performant de sonar, achiziţionat 
recent.
Continuarea monitorizării descrise 
mai sus va permite detectarea tendinţelor 
pe termen lung, dar pentru o mai bună 
cunoaştere a variabilităţilor pe termen 
scurt sunt necesare măsurători mult mai 
frecvente. În final se vor putea calcula 
cantităţiile de sedimente transportate 
la nivelul patului albiei prin intermediul 
dunelor. Acest lucru este crucial în vede-
rea controlării exploatărilor de sedimente 
din albie şi în vederea realizării unui 
management durabil al resurselor râului. 
De aceeea, o parte a acestui studiu 
îşi propune să elaboreze o procedură de 
investigare cu o rezoluţie şi o eficienţă 
mai mare. Măsurătorile au fost realizate 
la Makó utilizând un georadar şi un sonar 
de-a lungul unui cablu fix atât la ape mari 
(nivelul apei având 120 cm) cât şi la ape 
mici (nivelul apei având -70 cm). La ape 
mari datele oţinute cu ajutorul georada-
rului au detectat o medie a dinamicii de 
6 m2 în 30 de minute în profil transversal, 
deplasarea unor dune de 10–20 cm fiind 
identificate cu precizie (Fig. 19). La ape 
mici s-au măsurat nu doar modificările în 
profil transversal, dar şi velocitatea dina-
micii la nivelul patului de albie cu ajutorul 
unui sistem acustic. Schimbarea calculată 
A Maros hordalékháztartásának moni-
toring jellegű vizsgálatához a projekt 
keretében elkezdett méréseket folytatni 
kell. Ez nemcsak gazdasági szempontból 
fontos, hanem mert a fenékhordalék sze-
repe döntő fontosságú a folyó morfológiai 
stabilitásának és a természeti értékeinek 
megőrzésében. Éppen ezért a jövőben is 
rendszeresen felmérjük a Lippa, Arad, 
Pécska, és Apátfalva mellett kijelölt min-
taterületeket, immár azonban a projekt 
keretében beszerzett szonár segítségével.
A fenti monitoring tevékenység segít-
ségével csak a hosszabb távú változások 
és tendenciák mutathatók ki, a rövid távú 
hordalékszállítás vizsgálata gyakoribb 
méréseket igényel. Ezek segítségével a 
jövőben meghatározhatóvá válhat dűnék 
formájában szállított görgetett hordalék 
mennyisége, ami kiemelkedően fontos 
lenne a hordalék-kitermelés szabályozása 
és a fenntartható vízgazdálkodás szem-
pontjából.
A kutatás során ezért megkíséreltünk 
kidolgozni egy olyan eljárást, ami lehetővé 
teszi a nagy felbontású, pontos és gyors 
felmérést. A teszteket a makói vízmérce 
kábeldarus keresztszelvényében végeztük 
el georadaros és akusztikus műszer segít-
ségével. A felmérések egy kisebb árhullám 
(vízszint: 120 cm), valamint kisvíz (víz-
szint: -70 cm) idején történtek. Az árhul-
lám idején a felvételezést georadarral 
végeztük és 30 percenként átlagosan 6 m2 
változást tapasztaltunk a keresztszelvény 
területében, miközben a 10–20 cm magas 
dűnék mozgását jól lehetett azonosítani 
(19. ábra). Kisvíznél nem csak a kereszt-
szelvény változását, hanem mederfenék 
„mozgásának” sebességét is mértük az 
akusztikus mérőeszköz segítségével. Kis-
víznél 30 percenként átlagosan 0,6 m2 
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változást észleltünk a keresztszelvény 
területében, míg a sodorvonalban 10 per-
cenként 0,2 m2-t. A mederfenék mozgá-
sának sebessége nagyjából 1,2 cm/s volt. 
Ezek alapján, egy napra 20–25 m3-es hor-
dalékhozamot becsültünk. Az eredmé-
nyek bíztatóak és reális értékeket mutat-
nak, de az eljárást mindenképp kalibrálni 
kell hagyományos hordalékfogókkal is. 
Az már most jól látszik, hogy a horda-
lékhozamok a vízszinttel és a folyó ener-
giájával összefüggésben jelentősen inga-
dozhatnak. Ezért a jövőben a georadaros 
és az akusztikus eszközöket kombinálva 
napi méréseket tervezünk végrehajtani. 
A tesztek remélhetőleg hozzásegítenek 
bennünket a későbbiekben a görgetett 
hordalék mennyiségének gyors és haté-
kony méréséhez.
la ape mici în lungul profilului transversal 
a fost de 0,6 m2 în 30 de minute, în timp 
ce în talveg a fost estimată o schimbare de 
0,2 m2 în 10 minute. Velocitatea dinamicii 
la nivelul albiei a fost în jur de 1,2 cm/s. 
Pe baza acestora am estimat un debit 
solid de 20–25 m3 pe zi. Rezultatele sunt 
foarte promiţătoare şi indică valori reale, 
deşi tehnica urmează să fie calibrată la 
metoda clasică de captare a sedimentelor. 
În plus, debitele solide arată în mod cert 
o mare variabilitate determinată de fluc-
tuaţiile de nivel şi de energie ale râului. 
De aceea, în viitor sunt planificate măsu-
rători zilnice la diferite nivele ale râului 
combinând tehnicile GPR şi cele acus-
tice. Aceste teste vor permite găsirea unei 
modalităţi rapide şi eficiente de monitori-
zare a debitelor solide ale Mureşului.
19. ábra: A makói szelvényben egy kisebb árhullám során felvett két egymást követő georadar-
szelvény összehasonlítása. A kék szín eróziót, a piros akkumulációt jelent. A két mérés között 30 
perc telt el.
Fig. 19: Rezultatul comparării a două profile georadar transversale realizate la Makó în perioada 
unei viituri de mică amploare. Culoarea albastră marchează eroziunea, iar cea roşie acumularea. 
30 de minute au trecut între cele două măsurători.
Fig. 19: The result of the comparison of two georadar profiles taken at the Makó cross-section 
during a small flood wave. Blue colour marks erosion, red marks accumulation. 30 minutes passed 
between the two measurements.
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Következtetések
Az összefoglaló kötet harmadik tanulmányában a 19. századi nagyszabású szabályo-
zási munkálatok óta bekövetkezett változásokat vizsgáltuk. Terepi mérések segítsé-
gével a folyómeder rövid távú fejlődését és a görgetett hordalék egyenlegének meny-
nyiségi változását is igyekeztünk feltárni a folyó eltérő szakaszain. Munkánk során 
az alábbi következtetésekre jutottunk:
•	 A folyó síksági szakaszának futását a beavatkozásokat megelőzően nagyban befo-
lyásolták a tektonikus folyamatok. A legaktívabban fejlődő szakaszok ott jelent-
keztek, ahol felszín esése jelentősen változott: a síkságra történő kilépésnél, a Bat-
tonyai-hát környékén, a hordalékkúp peremén, illetve a torkolati szakaszon.
•	 A szabályozásokat, illetve a kanyarulat átvágásokat általában folyó bevágódása és 
kiszélesedése követte. A beavatkozásokra a Maros azonban nem reagált egységesen.
•	 A korábban is aktív, tektonikusan befolyásolt szakaszokon a folyó hossza új kanya-
rulatok kialakulásának köszönhetően jelentősen nőtt. Ezen esetekben a folyó úgy-
mond robosztus választ adott a szabályozásokra és viszonylag gyorsan visszatért 
eredeti morfológiájához.
•	 A Csanád–Apátfalva szakaszon ugyanakkor a Maros érzékenyebben reagált a 
beavatkozásokra, és új típusú, eltérő medermintázattal jellemezhető egyensúlyi 
állapotot vett fel. Ez a szakasz mindamellett jól jelzi a folyón bekövetkező hidroló-
giai és morfológiai változásokat, mivel a szabályozások óta gyakorlatilag érintetlen.
•	 A mederben kialakuló szigetek fejlődése ciklikus folyamat, melyet a folyó vízjá-
rása és a növényzet stabilizáló szerepe határoz meg.
•	 Az elmúlt 30-50 évben a szigetek száma, valamint a meder átlagos szélessége 
folyamatosan csökkent a síksági szakaszon. Ez lassú de folyamatos visszatérést 
jelez az eredeti medermorfológia irányába, ami hosszabb távon intenzívebbé váló 
eróziót eredményezhet a kezeletlen szakaszokon.
•	 Az utóbbi 2 évben elvégzett monitoring alapján az intenzív kitermelés által érin-
tett szakaszok felett a meder mérsékelten változott, hordalék pulzusokat nem 
lehetett kimutatni.
•	 A bányászati tevékenység alatti szakaszokon a hordalékegyenleg nagyobb ingado-
zást mutatott, mivel a beavatkozások környékén fellépő erózió valamelyest pótolja 
a görgetett hordalék mennyiségét.
•	 A legnagyobb változásokat a határszakaszon figyeltük meg, ahol jelentős horda-
lékpulzusokat azonosítottunk. Ez nagyobb görgetett-hordalékhozamra utal, amit 
szintén a felsőbb szakaszokon bekövetkező erózióval lehet magyarázni.
•	 Az Apátfalvánál megfigyelt hosszabb távú változások alapján azonban megállapít-
ható, hogy az utóbbi néhány évben valamelyest csökkent a hordalék-utánpótlás.
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A feltárt folyamatok jól jelzik az emberi beavatkozások közvetett hatásait, valamint 
rámutatnak arra, hogy a jövőben a mederfejlődés intenzívebbé válhat. A fentiekben 
bemutatott vizsgálatok és eredmények megfelelő kiindulási pontot szolgáltatnak 
a folyó alföldi szakaszán bekövetkező változások nyomon követéséhez. A kutatás 
eredményeként három monitoring tevékenység alapjait fektettük le, melyekkel a 
folyó horizontális változásait, hordalékegyenlegét és a hordalékszállítását lehet majd 
vizsgálni. A bemutatott mérések és eredmények nagyban hozzájárulhatnak a folyó 
fenntartható kezeléséhez. Emellett reméljük, hogy a két szomszédos ország együt-
tes erőfeszítésével a jövőben várható környezeti változások ellenére is megőrizhető, 
illetve fejleszthető lesz a Maros hidrológiai, ökológiai és gazdasági potenciálja.
Concluzii
În acest capitol au fost prezentate rezultatele analizei întreprinse în vederea deslu-
şirii evoluţiei recente a Mureşului, în perioada care a urmat lucrărilor de regulari-
zare din secolul 19. Cu ajutorul diferitelor tehnici de măsurare utilizate s-a încercat 
investigarea modificărilor pe termen scurt ale dinamicii patului albiei şi bugestului 
de sedimente în diferite secţiuni. Cele mai importante concluzii sunt redate în con-
tinuare:
•	 Cursul Mureşului din perioada care a precedat lucrările de regularizare a fost 
determinat în principal de tectonica locală. Cele mai active secţiuni s-au dez-
voltat în condiţiile schimbării semnificative a declivităţii terenului, şi anume: la 
ieşirea din defileu, în vecinătatea zonei înălţate Battonya, în zonele marginale ale 
conului aluvionar şi în apropierea gurii de vărsare în Tisa.
•	 În urma lucrărilor de regularizare şi scurtare a lungimii râului au fost stimulate 
incizia şi lărgirea râului. Mureşul a reacţionat diferit la schimbările suferite.
•	 În sectoarele active situate în vecinătatea zonei ridicate, lungimea râului a cres-
cut considerabil prin dezvoltarea unor bucle noi. Aici râul a avut o reacţie foarte 
promptă la constrângerile de natură antropică suferite şi a revenit la morfologia 
iniţială într-un timp scurt.
•	 În secţiunea Cenad–Apátfalva râul a fost mai senzitiv la intervenţiile realizate şi o 
nouă stare de echilibru s-a instaurat. Acest sector reprezintă un bun indicator al 
schimbărilor produse în cazul proceselor morfologice şi hidrologice, de vreme ce 
nu a fost afectat de regularizări.
•	 Evoluţia insulelor reprezintă un proces ciclic controlat de regimul hidrologic al 
râului şi de ritmul colonizării cu vegetaţie.
•	 În ultimii 30-50 de ani numărul insulelor şi lăţimea medie a râului au scăzut conti-
nuu în sectorul de câmpie. Aceasta lucru înseamnă o revenire lentă, dar constantă 
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la morfologia originală, prevestind în acelaţi timp o intensificare a eroziunii în 
sectoarele neamenajate.
•	 Dinamica albiei incluzând şi patul acesteia în amonte de sectorul în care există 
o activitate intensă de exploatare a fost moderată în ultimii doi ani, interval în 
care a fost monitorizată, nefiind înregistrate modificări importante în acumularea 
sedimentelor.
•	 În aval de sectorul de excavare a sedimentelor din albie bugetul de sedimente la 
nivelul patului a prezentat variaţii mult mai semnificative, datorită sporirii can-
tităţii de sedimente produse de râu în urma eroziunii induse de exploatările din 
amonte.
•	 Cele mai importante modificări au fost sesizate în sectorul de graniţă, unde au 
fost detectate variaţii importante ale cantităţii de sedimente din albie sugerând o 
sporire a debitului solid transportat ca urmare a eroziunii din amonte.
•	 Investigaţiile pe termen lung ale bugetului de sedimente la Apátfalva indică o scă-
dere a cantităţii de sedimente furnizate din amonte.
Aceste modificări subliniază care sunt efectele secundare ale intervenţiilor antro-
pice asupra râurilor şi posibilitatea intensificării proceselor de albie în viitor. Ori-
cum, investigaţiile şi rezultatele surprinse reprezintă un prim pas realizat pentru 
evaluarea schimbărilor în lungul râului. Au fost stabilite cu această ocazie trei acti-
vităţi de monitorizare a dezvoltării în plan orizontal, a acumulării sedimentelor şi 
a dinamicii pe termen scurt a livrării sedmentelor. Rezultatele acestor măsurători 
pot contribui decisiv la realizarea unui management durabil al Mureşului. Sperăm, 
astfel că în ciuda modificărilor enviromentale preconizate pentru viitor, resursele 
hidrologice, ecologice şi economice ale râului vor putea fi păstrate de eforturile 
comune ale celor două ţări vecine.
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A Maros jövőbeni fejlődését a mederben levezetett víz és a szál-lított hordalék mennyisége alap-
vetően meghatározza. Láttuk, hogy az 
elmúlt 20 000 évben milyen jelentős 
változásokon ment keresztül a folyó, 
miközben bejárta teljes hordalékkúp-
ját. A változások hátterében az éghajlat 
(hőmérséklet, csapadék) hosszabb-rövi-
debb távú ingadozása állt. Az is nyilván-
valónak tűnik, hogy jelenleg is egy igen 
dinamikusan változó rendszerrel állunk 
szemben, mely érzékenyen reagál a külső 
hatásokra. A külső tényezők közül min-
denképp ki kell emelnünk az egyre inkább 
érzékelhető klímaváltozást, illetve az 
emberi beavatkozásokat. A közeljövőben 
végső soron ezek fogják meghatározni a 
folyó árvizeinek és kisvizeinek mértékét, 
illetve a mederváltozások intenzitását.
A Marossal kapcsolatos kutatásaink 
ezen szakaszában arra kerestük a választ, 
vajon miként változik majd az éghajlat 
a vízgyűjtőn az előttünk álló évszázad-
ban? Hogyan befolyásolhatja mindez 
a folyó vízjárását, illetve a szállított víz 
éves mennyiségét? A változások várható 
tendenciáit regionális éghajlati modellek 
alapján igyekeztünk felvázolni. A folyóra, 
 E voluţia viitoare a Mureşului este determinată de cantitatea de apă drenată şi de volumul de sedimente 
transportat de râu. În ultimii 20 000 
de ani Mureşul a suferit schimbări 
semnificative, modificându-şi traseul şi 
caracteristicile scurgerii după cum s-a 
arătat într-un capitol anterior. Evoluţia 
sa a fost determinată în primul rând de 
variaţiile climatice de scurtă şi de lungă 
durată (temperatură şi precipitaţii). De 
asemenea, râul reprezintă un sistem 
foarte activ, care poate fi sensibil la 
influenţa factorilor externi. Dintre aceştia, 
o influenţa din ce în ce mai mare revine 
schimbărilor climatice şi intervenţiilor 
antropice. În viitorul apropiat atât 
regimul şi caracterul inundaţiilor cât 
şi caracteristicile scurgerii la ape mici, 
respectiv dinamica albiei vor fi afectate.
Cele mai importante enigme legate de 
viitorul Mureşului sunt: Cum va disturba 
clima secolului 21 evoluţia bazinului său? 
Sunt capabile aceste variaţii să influen-
ţeze regimul şi debitul total anual al râu-
lui? Aceste tendinţe care vizează schim-
bările viitoare au fost explorate utilizând 
modele climatice regionale. Cu toate 
acestea, estimarea schimbărilor datorate 
Éghajlati 
kilátások 
Blanka Viktória, Mezősi Gábor, Sipos 
György, Boudewijn van Leeuwen, 
Petru Urdea, Alexandru Onaca
Perspective 
climatice 
Blanka Viktória, Mezősi Gábor, Sipos 
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illetve a lefolyásviszonyokra vonatkozó 
konkrét változások számszerűsítése 
ugyanakkor már a közeljövő feladata.
Napjainkban a klíma globális melege-
dése egyre inkább nyilvánvaló, s a jövő-
ben további melegedés várható. Számos 
kutatás bizonyította már, hogy a hőmér-
séklet és a csapadék mennyiségében 
jelenleg megfigyelhető változásoknak 
jelentős hatása van a környezet elemeire, 
így például megváltozhat bizonyos mor-
fológiai folyamatok sebessége is (Dikau és 
Schrott, 1999). Az éghajlat szélsőségeinek 
fokozódása az utóbbi évtizedekben a Kár-
pát-medencében is megfigyelhető. A klí-
mamodellek folyamatos, de nem egyen-
letes hőmérsékletnövekedést jeleznek 
előre. A legintenzívebb melegedés a nyári 
hónapokban várható. Az évi csapadék 
változása a modellek előrejelzései alapján 
nem számottevő, de éven belüli eloszlása 
jelentősebben átalakul: csökkenő nyári és 
növekvő téli csapadékmennyiség várható 
(Bartholy et al. 2008, Szabó et al. 2011, 
Csorba et al. 2012). A modell szimulációk 
a 21. századra a szélsőséges időjárási ese-
mények előfordulásának gyakoribbá válá-
sát, emellett hosszabban tartó és súlyo-
sabb aszályos időszakok előfordulását 
jelzik (Szépszó et al. 2008).
A Maros vízgyűjtőn várható változá-
sok vizsgálata előtt lássuk, jelenleg, illetve 
a közelmúltban mi jellemezte a terület 
éghajlatát. Általánosságban elmondható, 
hogy a vízgyűjtő éghajlatát a nyugatról 
érkező légáramlatok uralják, bár a kelet-
európai és mediterrán légtömegek hatásai 
sem elhanyagolhatóak (Csoma 1975).
Az évi középhőmérséklet a Maros 
vízgyűjtőjén 4–11°C között ingadozik és 
nagy területi változatosságot mutat, ame-
lyet elsősorban a domborzati viszonyok 
evoluţiei râului şi a scurgerii reprezintă 
un obiectiv care va fi rezolvat în viitor.
În prezent încălzirea sistemului clima-
tic global devine din ce în ce mai evidentă. 
Un mare număr de studii au demonstrat 
că actualele modificări ale regimului ter-
mic şi pluvial au efecte semnificative 
asupra mediului şi pot schimba ratele de 
manifestare ale proceselor geomorfolo-
gice (Dikau şi Schrott, 1999). În ultimele 
decade fenomenele climatice extreme 
au devenit din ce în ce mai pronunţate 
în Bazinul Carpatic. Modelele climatice 
prognozează o creştere continuă, dar ine-
gală a temperaturilor, cu o amplitudină 
maximă în lunile de vară. Modificările în 
regimul anual al precipitaţiilor nu vor fi 
semnificative, dar distribuţia temporală 
va fi mult mai eterogenă, fiind aşteptate 
scăderi pe perioada verii şi creşteri iarna 
(Bartholy et al. 2008, Szabó et al. 2011, 
Csorba et al. 2012). Simulările climatice 
subliniază faptul că evenimentele clima-
tice extreme ar putea să se producă mult 
mai des în secolul următor. Aceste sce-
narii prevăd, de asemenea, că perioadele 
secetoase vor fi mai lungi şi mai severe 
decât în trecut (Szépszó et al. 2008).
Înaintea investigării posibilelor schim-
bări climatice viitoare vom trece în 
revistă principalele aspecte ale climatului 
actual din bazinul Mureşului. În general, 
se poate afirma că zona este sub influenţa 
vânturilor de vest care aduc majoritatea 
precipitaţiilor (Csoma 1975), deşi masele 
de aer din estul Europei şi cele meditera-
neene au de asemenea un rol important 
(Csoma 1975).
Temperatura medie anuală a bazinului 
este cuprinsă între 4 şi 11 °C, chiar dacă 
o marie variabilitate teritorială poate fi 
întâlnită. Principalul sens de creştere a 
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határoznak meg. Elmondható, hogy az 
Aranyos forrás vidéke a leghidegebb, 
illetve a Maros mentén K-Ny-i irány-
ban haladva az évi középhőmérséklet 
folyamatosan nő: Gyergyóban 4–6 °C, az 
Erdélyi-medencében 8–9 °C, az Arad–
Nagyvárad vonaltól Ny-ra 10 °C fölött, 
a Nagylak–Tápé vonalától DNy-ra 11 °C 
fölött (Csoma 1975, Andó 2002).
A Maros és mellékfolyói 70–80%-ban 
csapadékból táplálkoznak (Andó 1993, 
2002). Az árhullámok ugyanakkor nem 
mutatnak szoros kapcsolatot a csapadékel-
oszlással (Andó 2002). Ennek oka, hogy a 
legnagyobb árvizeket a téli időszakban hó 
formájában összegyűlt csapadék olvadása 
okozza. A csapadék területi eloszlása igen 
változatos, a Maros forrásának környékén 
600 mm körüli, lejjebb a Görgényi-havasok 
nyugati lejtőin mennyisége ugrásszerűen 
növekszik, majd a zárt erdélyi medencét 
elérve ismét 600 mm-re csökken. Újabb 
emelkedés figyelhető meg a Retyezát és a 
Kudzsiri-havasok vidékén. Lippától nyu-
gatra a csapadék egyenletesen csökken 
(Csoma 1975). 
Módszerek
A klímaváltozás előrejelzéséhez nap-
jainkban a legelfogadottabb és legin-
kább objektív módszer a klímamodellek 
alkalmazása. A Föld egészének éghaj-
latváltozását az ún. globális numerikus 
modellek képesek jellemezni. Ezek a 
számítások során a földi rendszer leg-
fontosabb elemeiben (légkör, óceánok, 
szárazföldek, jégtakarók, élővilág, tár-
sadalom) lejátszódó lényegi folyamato-
kat és azok kölcsönhatásait veszik figye-
lembe. A globális modellek horizontális 
temperaturilor este de la est la vest, deşi 
bazinul Arieşului reprezintă excepţia 
răcoroasă. În Munţii Giurgeu tempera-
tura medie anuală a secolului 20 a fost 
de 4–6 °C, în Bazinul Transilvaniei de 
8–9 °C, la vest de aliniamentul Oradea–
Arad peste 10 °C, în timp ce la sud-vest 
de Nadlac–Szeged ajunge la peste 11 °C 
(Csoma 1975, Andó 2002).
70–80% din apa drenată de râu este de 
origine pluvială (Andó 1993, 2002). Cu 
toate acestea nu este nicio relaţie între 
inundaţii şi distribuţia temporală a preci-
pitaţiilor (Andó 2002), de vreme ce marile 
inundaţii sunt produse în urma topirii 
zăpezii acumulate în timpul iernii. Dis-
tribuţia spaţială a precipitaţiilor arată o 
variaţie foarte mare. În zona de obârşie 
cantitatea de precipitaţii primită este în jur 
de 600 mm, dar se dublează pe versanţii 
vestici ai Munţilor Gurghiu, pentru a scă-
dea din nou la 600 mm în cazul Depresi-
unii Transilvaniei. Cantităţile de precipi-
taţii cresc în zona Sebeşului precum şi în 
bazinul Streiului, pentru ca de la vest de 
Lipova să scadă permanent (Csoma 1975). 
Metode
Cea mai acceptată metodă de descriere şi 
cunatificare a proceselor determinate de 
schimbări climatice este aplicarea mode-
lelor climatice. Schimbările climatice la 
scară globală sunt prognozate cel mai 
bine de modelele numerice globale. Aces-
tea încorporează cele mai importante 
procese şi relaţii ţinând cont şi de ele-
mentele majore ale sistemului acestei pla-
nete (atmosferă, oceane, continete, calote 
glaciare, biosferă, societate). Rezoluţia 
orizontală a modelelor globale este de 
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felbontása ugyanakkor 100 km körüli, ami 
kisebb léptékű regionális elemzésekhez 
nem nyújt elegendő információt (Szépszó 
és Zsebeházi 2011).
Kisebb területek (pl. egy ország vagy 
egy folyó vízgyűjtőterülete) elemzésé-
hez az ún. regionális modelleket lehet 
segítségül hívni. Ezek felbontása a glo-
bális modelleknél sokkal nagyobb, mivel 
részletesebbek a bemeneti adatok, illetve 
kisebb léptékű kölcsönhatásokat is figye-
lembe vesznek. Következésképp a légköri 
folyamatokat és a felszíni változásokat 
pontosabban írják le az adott területre 
(van der Linden és Mitchell 2009, Szabó 
et al. 2011). A regionális modellekbe az 
egész Földre kiterjedő, nagyléptékű folya-
matok egy kiválasztott globális modell 
alapján épülnek be, mely azután azt is 
megszabja, hogy milyen szélsőértékeket 
vehet fel a regionális előrejelzés (Giorgi és 
Bates 1989, Giorgi 1990).
Az éghajlatváltozás előrevetítése azon-
ban többféle bizonytalanságot is hordoz 
magában. Ezeket többek között az éghaj-
lati rendszer természetes „kilengései”, az 
elemek közötti bonyolult kölcsönhatások, 
a bemeneti adatok felbontásának korlátai, 
valamint a nehezen előre jelezhető tár-
sadalmi-gazdasági folyamatok okozzák 
(Cubasch et al. 2001, Hawkins és Sutton 
2009). A fentiek közül elsősorban a társa-
dalmi-gazdasági folyamatokra lehetünk 
hatással, ezek ráadásul jelentősen befolyá-
solhatják a klímaváltozás ütemét. Mivel 
a társadalmi és gazdasági fejlődés irá-
nya pontosan nem látható előre, ezért az 
Éghajlatváltozási Kormányközi Testület 
(IPCC) több, szám szerint hat forgató-
könyvet is kidolgozott erre vonatkozóan. 
Ezek a forgatókönyvek számos tényező 
mellett elsősorban a népességszám és 
100 km, ceea ce nu oferă informaţii adec-
vate pentru realizarea analizelor regio-
nale la scară redusă (Szépszó şi  Zsebeházi 
2011).
Pentru investigarea arealelor mai 
restrânse, de mărimea ţărilor sau a bazi-
nelor hidrografice sunt folosite modelele 
climatice regionale. Rezoluţia acestora 
este mult mai bună decât a modelelor 
globale, de vreme ce datele introduse sunt 
mult mai detaliate, iar relaţiile la o scară 
mai mare de detaliu pot fi luate în calcul. 
Ca şi o consecinţă procesele atmosferice 
şi schimbările de la nivelul suprafeţei pot 
fi prognozate cu mai mare acurateţe pen-
tru o anumită zonă (van der  Linden şi 
Mitchell 2009, Szabó et al. 2011).  Astfel, 
procesele la scară globală sunt încorpo-
rate modelelor regionale pe baza unui 
model global selectat, îmbunătăţind 
considerabil prognoza regională finală 
(Giorgi şi Bates 1989, Giorgi 1990).
Proiectarea proceselor climatice în vii-
tor include şi unele necunoscute. Aces-
tea sunt cauzate de oscilaţia naturală a 
sistemului climatic, de relaţia complicată 
dintre elementele enviromentale, de limi-
tările care implică rezoluţia datelor şi de 
fenomenele social-economice puţin pre-
dictibile (Cubasch et al. 2001, Hawkins 
şi Sutton 2009). Dintre factorii enume-
raţi conştiinţa umană transpusă în pro-
cesele socio-economice poate dicta în 
bună măsură amplitudinea schimbărilor 
climatice. Deoarece direcţia dezvoltării 
sociale şi economice nu poate fi prevă-
zută panelul interguvernamental preo-
cupat de schimbările climatice (IPCC) a 
elaborat şase scenarii de evoluţie în vii-
tor. Aceste scenarii presupun prezenţa 
în atmosferă a unor concentraţii dife-
rite de gaze cu efect de seră (dioxidul de 
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az energiafelhasználás változása alapján 
különböző mértékű üvegházgáz (szén-
dioxid, metán stb.) kibocsátást feltételez-
nek, ami azután alapvetően befolyásolja 
a modellek kimenő adatainak értékét. 
A forgatókönyvek között vannak optimista, 
pesszimista és átlagos változatok (1. ábra).
A klímaváltozást a Maros vízgyűjtőjén 
két regionális klímamodell segítségével 
becsültük (REMO és ALADIN). Mind-
két modell az A1B forgatókönyvet veszi 
alapul, amely az üvegházhatású gázok 
kibocsátásának mérsékelt növekedését 
és átlagosnak tekinthető felmelegedést 
feltételez (1. ábra). Az elemzések során a 
hőmérséklet és csapadék adatok alakulá-
sát vizsgáltuk. A jövőben várható válto-
zásokat az év azon időszakaira határoz-
tuk meg, amelyek az árvizek és kisvizek 
szempontjából a legfontosabbak. Jelenlegi 
vizsgálataink célja a fontosabb tendenciák 
felvázolása volt, de a későbbiekben ezekre 
az adatokra alapozva további model-
lek alkothatóak a lefolyás változásának 
 becslésére.
carbon, metanul etc.) în funcţie de mai 
mulţi factori, dar în primul rând în func-
ţie de dinamica populaţiei şi de evolu-
ţia consumului de energie. În raport cu 
emisiile prognozate sunt determinate 
diferite modele. Scenariile pot fi descrise 
ca: optimiste, pesimiste şi intermediare 
(Fig. 1).
În vederea estimării schimbărilor cli-
matice din bazinul hidrografic al Mureşu-
lui au fost aplicate două modele  (ALADIN 
şi REMO). Ambele modele au la bază 
sceneariul A1B, care prevede o creştere 
moderată în emisia de gaze cu efect de 
seră şi o încălzire la nivel global (Fig. 1). 
Pentru comparaţie au fost investigate 
temperatura şi precipitaţiile. Schimbă-
rile preconizate au fost examinate pentru 
acele perioade ale anului specifice peri-
oadelor cu viituri, respectiv cu ape mici. 
Scopul nostru a fost de a demonstra ten-
dinţa schimbărilor, iar mai apoi pe baza 
acestor modificări să generăm modele ale 
scurgerii şi balanţei hidrologice pentru 
viitor.
Számos regionális klímamodell tartalmazza a Kárpát-medence területét, ilyen model-
lek az ALADIN, a REMO, a PRECIS, illetve a RegCM (Szépszó et al. 2008). A Maros víz-
gyűjtőjének elemzése során a klimatikus paraméterek változását a francia ALADIN 
(www.cnrm.meteo.fr/aladin) és a német REMO (www.remo-rcm.de) modellek alapján szá-
mítottuk, mivel ezek a társadalmi-gazdasági folyamatok előrejelzésére az A1B, átlagosnak 
tekinthető forgatókönyvet veszik alapul. Ez a jövőben a népességszám változás tekintetében 
az évszázad közepéig növekedést, utána csökkenést, emellett gyors gazdasági növekedést, az 
új és hatékonyabb technológiák gyors bevezetését, az energiafelhasználásban a fosszilis és a 
megújuló energiaforrások alkalmazásának egyensúlyát feltételezi (IPCC 2007).
Az alkalmazott modell adatok horizontális felbontása hozzávetőleg 25 km. A klímamodel-
lek futtatása és az adatok előállítása az OMSZ Numerikus Modellező és Éghajlat-dinamikai 
Osztályán történt. A modellek a futtatás során a 2021–2050 és 2071–2100 évekre napi hőmér-
séklet és csapadékadatokat szolgáltatnak. Az adatok az 1961–1990-es referencia időszak átlag-
értékeitől való eltérést mutatják. A napi adatsorokból a Maros vízjárásának alakulása szem-
pontjából legfontosabb hónapokra időszakos átlagokat számítottunk a teljes vízgyűjtőterületre 
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Câteva modele climatice includ Bazinul Carpatic, acestea fiind: ALADIN, REMO, PRECS şi 
RegCM (Szépszó et al. 2008). Pentru analiza bazinului Mureşului evoluţia parametrilor clima-
tici a fost calculată pe baza modelului francez ALADIN (www.cnrm.meteo.fr/aladin) şi ger-
man REMO (www.remo-rcm.de), aceste modele fiind bazate pe scenariul A1B reprezentând 
un mod de prognoză intermediar social-economic. Referitor la creşterea populaţiei, scenariul 
prognozează o creştere până la jumătatea secolului, iar mai apoi o scădere, în contextul unei 
creşteri economice accentuate, răspândirea rapidă a unor tehnologii noi şi mai eficiente şi un 
echilibru între consumul de carburanţi şi de resurse energetice regenerabile (IPCC 2007).
Rezoluţia orizontală a modelului aplicat este de aproximativ 25 km. Modelele au fost rulate 
de divizia de modelare numerică şi dinamică climatică din cadrul Serviciului Maghiar de 
Meteorologie. Modelul furnizează date zilnice de temperatură şi precipitaţii pentru interva-
lele 2021–2050, respectiv 2071–2100. Rezultatele sunt exprimate în funcţie de perioada de 
referinţă 1961–1990. Din aceste date zilnice sunt calculate medii pentru acele luni care sunt 
importante în ceea ce priveşte regimul hidrologic al Mureşului. Valorile au fost calculate în 
funcţie de reţeaua de puncte cu ajutorul metodei de  interpolare kriging.
Eredmények
Enyhébb, kissé  
csapadékosabb tél
A téli hónapokra a referencia időszak-
hoz viszonyítva 1,3–1,4 °C-os hőmérsék-
letemelkedést jelez mindkét modellek 
2021–2050-re (2. ábra). Hosszabb távon 
a két modell némileg eltérő változást 
feltételez. A REMO becslése alapján a 
2071–2100 időszakban az átlaghőmér-
séklet akár 3,9 °C-kal is magasabb lehet a 
mainál (2. ábra). Az ALADIN valamelyest 
kisebb mértékű, 2,1 °C körüli emelke-
dést jelez, így még ez utóbbi optimistább 
verzió alapján is jelentős felmelegedés 
várható a a teljes vízgyűjtő tekintetében. 
A 2. ábra alapján megfigyelhető, hogy az 
első modellezési időszakban a hőmér-
séklet növekedése egyenletesen érinti az 
egész területet, később azonban a Keleti-
Kárpátokban található mellékfolyók 
Rezultate
Ierni mai calde cu precipitaţii 
sensibil mai mari
În comparaţie cu valorile referinţă ambele 
modele prevăd o creştere cu 1,3–1,4 °C 
pentru perioada 2012–2050 corespun-
zând lunilor de iarnă (Fig. 2). Pe termen 
lung modelele prevăd o situaţie oarecum 
diferită. Modelul REMO prevede o creş-
tere a temperaturii medii de 3,9 °C pentru 
intervalul 2071–2100, ceea ce presupune 
o încălzire substanială (Fig. 2). Modelul 
ALADIN, în schimb prevede o creştere 
nu atât de intensă, şi anume 2,1°C. Chiar 
şi în cazul considerării acestei versiuni 
optimiste o încălzire semnificativă este 
aşteptată să se producă în întregul bazin. 
Dacă consultăm Fig. 2 observăm că în 
prima perioadă temperaturile modelate 
par să crească într-o manieră uniformă. 
Mai târziu afluenţii din Carpaţii Orientali 
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vízgyűjtőin és a síksági szakaszon intenzí-
vebb lehet a felmelegedés. 
Az átlagos csapadékmennyiség tekin-
tetében a két modell nagyon eltérő érté-
keket mutat a teljes vízgyűjtőre vonatko-
zóan. Az ALADIN alapján gyakorlatilag 
nem várható változás, míg a REMO 22 
mm-es és 34 mm-es növekedéssel szá-
mol a 2021–2050, illetve a 2071–2100 
időszakban (3. ábra). Az átlagértékek 
azonban számottevő területi különbsé-
geket takarnak. Mindkét modell a csapa-
dék mennyiségének növekedését jósolja 
a Gyergyói-havasok térségében, azon-
ban nyugatabbra a REMO kismértékű 
növekedést, míg az ALADIN számottevő 
csökkenést jelez (3. ábra).
A fentiek alapján úgy tűnik, hogy a 
hőmérséklet emelkedése miatt a hóban 
tárolt vízkészlet átlagos mennyisége 
csökkenni fog a legtöbb részvízgyűjtőn. 
şi secţiunea de câmpie a Mureşului par să 
fie cei mai afectaţi.
Dacă luăm în considerare întregul bazin 
precipitaţiile medii estimate de ambele 
modele par să fie foarte diferite. Conform 
modelului ALADIN nu sunt aşteptate 
schimbări importante în viitor, în timp ce 
REMO a calculat o creştere cu 22 mm în 
intervalul 2012–2050 şi 34 mm între 2071 
şi 2100 (Fig. 3). Valorile medii ascund anu-
mite diferenţe regionale. Ambele modele 
admit că există posibilitatea creşterii pre-
cipitaţiilor în partea estică a bazinului, în 
timp ce o uşoară creşte (REMO) sau chiar 
o substanţială scădere (ALADIN) pot să 
se producă în vest (Fig. 3).
Pe baza celor enunţate mai sus se poate 
remarca faptul că încălzirea climatului va 
determina reducerea rezervei de zăpadă 
din majoritatea sub-bazinelor. Doar în 
Carpaţii Orientali, ca urmare a creşterii 
2. ábra: A hőmérséklet várható változása a téli időszakban (december–február) a modell adatok 
alapján.
Fig. 2: Modelul predicţiei schimbărilor de temperatură din timpul iernii (Decembrie–Februarie).
Fig. 2: Model prediction of temperature change in the winter period (December–February).
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3. ábra: A csapadék mennyiségének várható változása a téli időszakban (december–február) a 
modell adatok alapján.
Fig. 3: Modelul predicţiei schimbărilor cantităţii de precipitaţii din timpul iernii (Decembrie–
Februarie).
Fig. 3: Model prediction of precipitation change in the the winter period (December–February).
Mindazonáltal a Keleti-Kárpátok maga-
sabb régióiban a vízkészlet akár emelked-
het is a téli csapadékmennyiség növekedé-
sével, azaz tavasszal ezeken a területeken 
nagyobb esély van árhullámok kialakulá-
sára. Az azonban kérdéses, hogy ezek az 
árvizek mennyire lesznek hevesek a jövő-
ben, ezt ugyanis többek között a tavaszi 
hóolvadás intenzitása határozza meg.
Melegebb tavasz, alig változó 
kora nyári csapadékmennyiség
A márciusi és az áprilisi hőmérséklet a 
hóolvadás és így az árvizek kialakulása 
szempontjából is igen fontos. Ez eset-
ben mindkét modell általános tavaszi 
felmelegedéssel számol (4. ábra). Az első 
precipitaţiilor rezerva medie ar putea să 
crească. Conform acestei ipoteze şansele 
cele mai mari de iniţiere a inundaţiilor de 
primăvară sunt de a se produce în această 
regiune. Rămâne totuşi întrebarea legată 
de durata acestor inundaţii în viitor, de 
vreme ce ele sunt produse în principal de 
intensitatea cu care se produce topirea 
zăpezii.
Primăveri mai calde, modificări  
nesigure în regimul precipita-
ţiilor de la începutul verii
Temperaturile din lunile martie şi aprilie 
sunt importante deoarece în aceste luni 
are loc topirea zăpezii şi producerea vii-
turilor. Pe baza modelelor este aşteptată 
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modellezési időszakban (2021–2050) 
átlagosan 1,1–1,5 °C, míg a másodikban 
(2071–2100) 2,4 °C (REMO), sőt akár 3,1 
°C (ALADIN) hőmérsékletnövekedéssel 
is lehet számolni. A melegedés feltehe-
tően intenzívebb lesz az Erdélyi-meden-
cében és az Alföldön, de a keleti vízgyűj-
tőn is számottevő lehet az emelkedés a 
21. században: kezdetben hozzávetőleg 
1,0 °C, míg később akár 2,0 °C (4. ábra).
A fenti eredmények arra utalnak, hogy 
átlagos években a kora tavaszi hóolvadás 
intenzívebb lehet a hegyvidéki vízgyűjtőn. 
Ez nem feltétlenül jelent nagyobb árvize-
ket, hiszen láthattuk, hogy a hókészletek 
csökkenhetnek. Mindamellett azokban az 
években, amikor a téli félév csapadéko-
sabb, megnő a nagy vízhozamú, extrém 
árhullámok kialakulásának lehetősége.
o creştere a temperaturilor generală (Fig. 
4). Pentru prima perioadă (2021–2050) 
este aşteptată o creştere cu 1,1–1,5 °C, în 
timp ce pentru al doilea interval (2071–
2010) aceasta poate fi de 2,4 °C (REMO) 
sau 3,1 °C (ALADIN). Încălzirea poate fi 
mai accentuată în Bazinul Transilvan şi în 
zona de câmpie, iar partea estică a bazi-
nului poate cunoaşte o încălzire cu 1,0 °C 
respectiv 2,0 °C în lunile de primăvară ale 
secolului 21 (Fig. 4).
Aceste schimbări sugerează că într-un 
an normal topirea zăpezii din timpul primă-
verii se poate produce mai repede în partea 
înaltă a bazinului. Acest lucru nu înseamnă 
implicit şi inundaţii mai mari, deoarece am 
văzut că rezerva totală de zăpadă poate 
fi mai mică. Chiar şi aşa în anii cu pre-
cipitaţii intense în timpul iernii, şansele 
de a apărea inundaţii mari vor fi ridicate.
4. ábra: A hőmérséklet várható változása a kora tavaszi időszakban (március–április) a modell 
adatok alapján.
Fig. 4: Modelul predicţiei schimbărilor de temperatură de la începutul primăverii (martie–
aprilie).
Fig. 4: Model prediction of temperature change in the early spring period (March–April).
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5. ábra: A csapadék mennyiségének várható változása a kora nyári időszakban (május–június) a 
modell adatok alapján.
Fig. 5: Modelul predicţiei schimbărilor cantităţii de precipitaţii de la începutul verii (mai–iunie).
Fig. 5: Model prediction of precipitation change in the the early summer period (May–June).
Egy átlagos hidrológiai évben a májusi 
és júniusi csapadék hatására alakulhat ki 
a második jelentősebb árhullám (Andó 
2002). A modellek csapadék előrejelzé-
sei azonban koránt sem egyértelműek 
erre az időszakra (5. ábra). A teljes víz-
gyűjtőre számított átlag alapján a REMO 
csupán jelentéktelen változásokat jósol 
a 2021–2050 időszakra, míg jelentős, 50 
mm-es csökkenést 2071–2100 között. 
Ezzel szemben az ALADIN modell kez-
detben mintegy 30 mm növekedést a 
későbbiekben pedig csak kisebb változá-
sokat jelez (5. ábra). A változások térbeli 
mintázata is eltérő. Az ALADIN modell 
szerint a legjelentősebb növekedésre a 
vízgyűjtő középső részén lehet számítani, 
miközben a REMO ugyanerre a területre 
jósolja a legjelentősebb csökkenést (5. 
ábra). Eszerint a változások iránya igen 
 bizonytalan.
Pe baza observaţiilor hidrologice pre-
cedente a doua perioadă afectată de vii-
turi este datorată ploilor bogate din mai 
şi iunie (Andó 2002). Modelele calcu-
late pentru această perioadă sunt ambi-
gue (Fig. 5). Astfel, utilizând modelul 
REMO la nivelul întregului bazin nu se 
sesizează schimbări majore în intervalul 
2021–2050, iar între 2071–2100 o scădere 
substanţială de 50 mm a fost estimată. 
Modelul ALADIN însă prevede creşterea 
cu 30 mm în primul interval analizat şi o 
creştere minoră pentru al doilea interval 
(Fig. 5). Conform modelului ALADIN 
cea mai semnificativă creştere este aştep-
tată în zona mijlocie a bazinului Mure-
şului. În mod contrar, modelul REMO 
prognozează cea mai accentuată scădere 
în această zonă (Fig. 5). Ca şi o conse-
cinţă direcţia schimbării implică un grad 
 ridicat de nesiguranţă.
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Következésképpen igen nehéz lenne 
megmondani, hogy a kora nyári csapa-
dékból kialakuló árvizek jelentősége csök-
ken-e vagy nő a jövőben. A két modell 
eredményeinek átlaga alapján ugyan a 
változás jelentéktelennek tűnik, de ez a 
feltételezés is bizonytalan.
Száraz, forró nyár
Ahogy már korábban említettük, a kis-
vizes időszak július közepétől, végétől 
indul. (Boga és Nováky 1986). Augusztus-
tól kezdve a vízhozamok 50 m3/s-ra csök-
kenhetnek. Az alföldi szakaszra érkező 
víz mennyiségét ebben az időszakban 
elsősorban a vízgyűjtőn jellemző párolgás 
és csapadékmennyiség határozza meg. 
Természetesen az emberi beavatkozások, 
mint pl. a víztározás hatása is jelentős 
lehet.
A kisvizek megjelenése szempontjából 
igen fontos a július–augusztusi hőmér-
séklet alakulása. Mindkét modell hőmér-
sékletnövekedést (REMO 1,4 °C-ot, míg 
az ALADIN 3,0 °C-ot) jelez az első model-
lezési időszakra. A 2071-től 2100-ig tartó 
periódusban a felmelegedés ennél még 
drasztikusabb lehet és elérheti akár az 
5,0–5,5 °C-ot is (6. ábra). A hőmérséklet 
változása területi szempontból egységes-
nek tűnik a vízgyűjtőn, bár az ALADIN 
a legintenzívebb emelkedést a Görgényi-
havasok vidékére és a síksági területekre, 
míg a REMO a vízgyűjtő középső részére 
várja (6. ábra). Így végső soron a változá-
sok térbeli mintázatát nem lehet egyértel-
műen meghatározni.
A melegedéssel párhuzamosan a nyári 
csapadékmennyiség nagy valószínűséggel 
csökkeni fog. A teljes vízgyűjtőre számított 
Prin urmare este aproape imposibil de 
estimat dacă inundaţiile determinate de 
ploile de la începutul verii vor spori sau 
se vor reduce. Dacă luăm în considerare 
media celor două modele nu sunt aştep-
tate schimbări majore, dar aceasta este 
doar o speculaţie.
Veri calde şi secetoase
După cum s-a menţionat anterior, peri-
oada cu ape mici debutează în iulie (Boga 
şi Nováky 1986). Apoi debitele pot scădea 
cu 50 m3/s. Volumul de apă care ajunge în 
zonele joase este determinat în principal 
de intensitatea evaporării şi de cantitatea 
de precipitaţii primită de bazin. Desi-
gur că intervenţile antropice, cum sunt 
lacurile de acumulare pot să aibă un rol 
important în această privinţă.
De aceea, temperaturiile lunilor iulie-
august sunt foarte importante. Ambele 
modele prognozează o creştere în această 
perioadă, de 1,4 °C (REMO) şi 3,0 °C 
(ALADIN) pentru primul interval de 
modelare (2021–2050) şi 5,0 °C (REMO), 
respectiv 5,5 °C (ALADIN) pentru al doi-
lea interval (2071–2100) (Fig. 6). Tem-
peraturile vor creşte uniform pe toată 
suprafaţa bazinului, iar potrivit modelului 
ALADIN încălzirea va afecta în principal 
Munţii Gurghiu şi zonele joase. Modelul 
REMO a prognozat o creştere semnifica-
tivă a temperaturilor în partea mediană a 
bazinului (Fig. 6). Astfel distribuţia spa-
ţială a amplitudinii încălzirii nu poate fi 
determinată într-o manieră clară.
În acelaşi timp o scădere a precipita-
ţiilor din timpul verii este prognozată. 
Ţinând cont de valorile medii ale întregu-
lui bazin modelul ALADIN prognozează 
119
átlagok tekintetében az  ALADIN 20 mm 
csapadékcsökkenést jelez 2021–2050-
re, míg a REMO alapján a területi átlag 
nem változik (7. ábra). A 2071–2100 idő-
szakra azonban mindkét modell átlago-
san 55 mm-es csökkenést prognosztizál, 
amely főként a vízgyűjtő középső részét 
érinti majd. A Hargita nyugati lejtőin, 
valamint a Görgényi- és Gyergyói-havasok 
vidékén várhatóan kisebb mértékű lesz a 
csapadékmennyiség visszaesése (7. ábra).
A nyári időszakban a fentiek alapján 
növekvő párolgás és mérsékeltebb csa-
padékmennyiség várható. Ez az átlagos 
vízhozamok jelentős csökkenését idézheti 
elő, hozzájárulva így a július–augusztus-
ban kezdődő kisvizes időszak során fel-
lépő vízhiány fokozódásához.
o scădere de 20 mm, în timp ce modelul 
REMO nu prezice modificări semnifi-
cative în primul interval (2021–2050) 
(Fig. 7). În ceea ce priveşte al doilea inter-
val analizat (2071–2100) ambele modele 
prognozează o scădere ce poate ajunge la 
55 mm, afectând în principal partea mij-
locie a bazinului. Scăderea ar urma să fie 
mai redusă pe versanţii vestici ai Munților 
Harghita, Gurghiu, Giurgeu (Fig. 7).
În aceste condiţii se poate prornoza o 
intensificare a evaporării şi o scădere a 
precipitaţiilor în viitor. Acestea vor con-
duce la o reducere semnificativă a debite-
lor medii, ceea ce va determina un deficit 
şi mai mare de apă pentru perioada cu 
ape mici din intervalul iulie–august.
6. ábra: A hőmérséklet várható változása a nyári időszakban (július–augusztus) a modell adatok 
alapján.
Fig. 6: Modelul predicţiei schimbărilor de temperatură din timpul verii (iulie–august).
Fig. 6: Model prediction of temperature change in the summer period (July–August).
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7. ábra: A csapadék mennyiségének várható változása a nyári időszakban (július–augusztus) a 
modell adatok alapján.
Fig. 7: Modelul predicţiei schimbărilor cantităţii de precipitaţii din timpul verii (iulie–august).
Fig. 7: Model prediction of precipitation change in the the summer period (July–August).
Melegebb ősz, alig változó 
csapadékmennyiség
A vízügyi adatsorok alapján a legkisebb 
vízhozamok (néha csupán 30–40 m3/s) 
szeptemberben és októberben jelentkez-
nek (Konecsny és Bálint 2010). A víz-
gyűjtő egészére számított átlagos hőmér-
sékletváltozás tekintetében a két modell 
jó egyezést mutat (8. ábra). A 2021–2050 
időszakra mindkét becslés 2–3 °C-os 
felmelegedést jelez, míg 2071–2100-ra 
akár 4–5 °C-kal is emelkedhet a víz-
gyűjtő átlaghőmérséklete. A változá-
sok területi megoszlását szemlélve a 
felmelegedés az Erdélyi-középhegység 
és a Görgényi-havasok vidékén kisebb, 
ugyanakkor az Erdélyi-medencében és a 
Toamne mai calde şi schimbări 
reduse ale precipitaţiilor 
Pe baza observaţiilor anterioare, în inter-
valul septembrie-octombrie Mureşul 
are cele mai mici debite (uneori doar 
30–40 m3/s) (Konecsny şi Bálint 2010). 
Analiza celor două modele la scara bazi-
nului relevă o apropiere semnificativă 
(Fig. 8). Astfel pentru intervalul 2021–
2050 ambele modele prognozează creş-
teri de 2–3 °C, în timp ce pentru interva-
lul 2071–2100 creşterea poate atinge 4–5 
°C. Dacă luăm în considerare distribuţia 
spaţială a temperaturilor, încălzirea va 
afecta într-o manieră mai redusă versanţii 
Munţilor Apuseni şi Munţilor Gurghiu, 
dar în Bazinul Transilvaniei şi în Podişul 
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Küküllő-menit-hátságon jóval nagyobb 
intenzitású is lehet (8. ábra).
A csapadékmennyiség változása a 
modellek alapján kevésbé nyilvánvaló, 
a vízgyűjtőre jellemző átlagos értékek 
többé-kevésbé hasonlóak lehetnek az 
1961–1990-es referencia időszak adatai-
hoz (9. ábra). A számított néhány mm-es 
változás elhanyagolható, nem haladja 
meg az előrejelzések hibáit.
A két modell között lévő nagyfokú 
egyezés arra enged következtetni, hogy a 
kora őszi időszakban jelentős felmelege-
dés várható, miközben a csapadék meny-
nyisége alig változik. Mivel a párolgás így 
fokozódik, növekvő vízhiánnyal, illetve 
csökkenő vízhozamokkal kell számolni, 
ami hosszan elnyúló aszályos periódusok 
kialakulásához vezethet a Maros mentén.
Târnavelor temperaturile ar putea creşte 
dramatic (Fig. 8).
Schimbările regimului precipitaţiilor 
nu sunt atât de evidente şi situaţia pare 
să fie realtiv similară cu cea înregistrată 
în intervalul 1961–1990 pentru întreg 
bazinul (Fig. 9). Cei câţiva mm calcu-
laţi de cele două modele sunt nesemni-
ficativi şi se înscriu în marja de eroare a 
 prognozelor.
Ambele modele au prognozat o creş-
tere semnificativă a temperaturilor la 
începutul toamnei. În acelaşi timp preci-
pitaţiile medii vor scădea sensibil, rezul-
tând un deficit importantă de apă datorat 
evaporaţiei şi o scurgere mai redusă. Prin 
urmare, se vor instala perioade de secetă 
mai îndelungate în lungul Mureşului.
8. ábra: A hőmérséklet várható változása a kora őszi időszakban (szeptember–október) a modell 
adatok alapján.
Fig. 8: Modelul predicţiei schimbărilor de temperatură de la începutul tomanei (septembrie–
octombrie).
Fig. 8: Model prediction of temperature change in the early autumn period (September–October).
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9. ábra: A csapadék mennyiségének várható változása a kora őszi időszakban (szeptember–októ-
ber) a modell adatok alapján.
Fig. 9: Modelul predicţiei schimbărilor cantităţii de precipitaţii de la începutul toamnei 
(septembrie–octombrie).
Fig. 9: Model prediction of precipitation change in the early autumn period (September–October).
Hidrológiai kilátások
Habár esetenként az alkalmazott két 
modell kimenti adatai nem erősítették meg 
egymást, néhány jól kivehető tendencia 
azért felismerhető a klíma jövőbeni válto-
zását tekintve. A felmelegedés térben és 
időben általánosnak tekinthető, de az ala-
csonyabb fekvésű zártabb területeken, mint 
például az Erdélyi-medence, az átlagnál 
jóval nagyobb is lehet. Az is egyértelműen 
látszik, hogy a legnagyobb mértékű hőmér-
séklet-emelkedés nyáron és ősszel vár-
ható, habár a REMO modell szerint télen 
is jelentős felmelegedéssel kell számolni. 
A csapadék változását ugyanakkor nehe-
zebb megbecsülni. A területi átlagok alap-
ján úgy tűnik azonban, hogy a késő nyári 
időszakban jelentős csapadékcsökkenés 
Perspective hidrologice
Chiar dacă am putut constata că cele 
două modele utilizate nu au furnizat de 
fiecare dată prognoze similare, se pot 
distinge câteva tendinţe clare în ceea ce 
priveşte evoluţia climei în secolul 21. 
Încălzirea se va produce atât în spaţiu cât 
şi în timp, iar suprafeţele joase şi închise, 
cum este cazul Bazinului Transilvan, vor 
fi cel mai afectate. Pare să fie foarte clar 
şi faptul că încălzirea cea mai semnifica-
tivă se va produce vara şi toamna, deşi 
modelul REMO prognozează şi ierni mai 
calde. În schimb, modificările ce vor sur-
veni în regimul precipitaţiilor sunt dificil 
de prognozat. Ce pare însă evident este că 
sfârşitul verii va înregistra cel mai mare 
deificit de precipitaţii. Schimbările din 
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várható. A többi évszak esetében a változá-
sok nem ennyire egyértelműek.
Az éves átlagértékeket tekintetében 
már 2021–2050 időszakra is jelentős 
(REMO: 1,4 °C, ALADIN: 2,0 °C) hőmér-
sékletemelkedés várható. 2071 és 2100 
között az általános felmelegedés hovato-
vább elérheti a 3,6 °C (ALADIN) esetleg 
a 3,8 °C-ot (REMO) is (10. ábra). Érdekes 
módon az évi csapadékmennyiség tekin-
tetében az ALADIN modell enyhe növe-
kedését mutat a 2021–2050 időszakra, de 
a következő periódusra mindkét modell 
jelentősebb, 20–50 mm-es csökkenést 
prognosztizál (11. ábra). Figyelembe véve, 
hogy az évi átlagos csapadék mennyisége 
a vízgyűjtőn 600 és 1000 mm közötti, ez 
a változás 5–10%-kal mérsékelheti az 
éves lefolyás értékét. A csökkenés azon-
ban ennél még jelentősebb is lehet, ha a 
fokozódó párolgást is számításba vesszük. 
A pontosabb összefüggések feltárása 
ugyanakkor további modellezést igényel. 
celelalte anotimpuri nu sunt atât de evi-
dente.
Dacă ţinem cont doar de valorile medii 
o creştere cu 1,4 °C (REMO) respectiv 2,0 
°C (ALADIN) poate fi prognozată pentru 
perioada 2012–2050. Mai mult, tempera-
tura din intervalul 2071–2100 poate fi cu 
3,6 °C (ALADIN) respectiv 3,8 °C (REMO) 
mai mare decât în perioada 1961–1990 
(Fig. 10). Este interesant faptul că pentru 
perioada 2021–2050 modelul ALADIN 
preconizează o uşoară creştere a preci-
pitaţiilor, dar pentru al doilea interval 
(2071–2100) ambele modele sugerează o 
scădere cu 20–50 mm (Fig. 11). Ţinând 
cont că precipitaţiile medii sunt cuprinse 
între 600–1000 mm în ca drul bazinului, 
rezultă o reducere cu 5–10% a scurgerii 
anuale. Scăderea poate fi chiar mai sem-
nificativă dacă creşterea evaporaţiei este 
cuantificată, dar o modelare suplimentară 
este necesară pentru explorarea acestor 
relaţii.
10. ábra: A hőmérséklet várható változása az éves átlagok tekintetében.
Fig. 10: Modificări de temperatură estimate exprimate în valori anuale.
Fig. 10: Expected temperature change in terms of annual values.
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11. ábra: A csapadék mennyiségének várható változása az éves átlagok tekintetében.
Fig. 11: Modificări de precipitaţii estimate exprimate în valori anuale.
Fig. 11: Expected precipitation change in terms of annual values.
Ami a folyó vízjárását illeti a téli időszak-
ban egyenletesebb lefolyás várható, a kora 
tavaszi hóolvadás azonban esetenként 
intenzívebb lehet. Eközben a kora nyári 
árvizek jelentősége, ha kis mértékben is 
de mérséklődhet. Emiatt az árhullámok 
gyakorisága és átlagos nagysága várhatóan 
csökkenni fog, azonban megfelelő körül-
mények esetén (nagy téli csapadék és gyors 
hóolvadás) extrém árvizek természetesen 
továbbra is kialakulhatnak. Jóllehet szá-
mos klímaváltozással kapcsolatos kutatás 
hangsúlyozza az extrém csapadék esemé-
nyek kialakulási gyakoriságának növekedé-
sét (Szépszó et al. 2008), ez inkább a Kár-
pát-medence nyugati felén lesz jellemző 
(Horányi et al. 2009). Összességében tehát 
klimatikus szempontból az árvizekhez és 
árvíz-védelemhez kötődő veszélyek jelen-
tősége a közeljövőben várhatóan nem vál-
tozik a Maros mentén.
Ţinând cont de regimul hidrologic al 
Mureşului ne aşteptăm la o scurgere mai 
uniformă pe durata iernii, dar topirea 
zăpezilor din timpul primăverii poate să 
se producă mai intens. Între timp inunda-
ţiile de la începutul verii ar putea fi mai 
puţin semnificative. Astfel, frecvenţa şi 
magnitudinea medie a inundaţiilor vor 
scădea, dar în condiţii excepţionale (pre-
cipitaţii abundente în timpul iernii şi o 
topire rapidă), inundaţii extreme se pot 
produce. Chiar dacă câteva studii clima-
tice accentuează relevanţa extremelor 
pluviale maxime (Szépszó et al. 2008), 
acestea vor fi caracteristice în special pen-
tru partea vestică a Bazinului Carpatic 
(Horányi et al. 2009). Privite dintr-o per-
spectivă climatică problemele generate de 
inundaţii şi măsurile de prevenire pe care 
le implică acestea nu se vor intensifica în 
perioada următoare în lungul Mureşului.
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Az eredmények alapján ugyanakkor a 
nyári és őszi szélsőségesen kis vizek elő-
fordulása jóval gyakoribb lehet, ez pedig 
időről időre súlyos vízhiány kialakulásá-
hoz vezethet a folyó alsó szakasza mentén. 
Mint már említettük, az éves lefolyás is 
valószínűleg csökkenni fog hosszú távon. 
Konecsny (2010) szerint tartós vízhiányos 
állapotokkal már most is számolni kell, 
amikor is a vízhozamok jóval kisebbek, 
mint a statisztikailag meghatározott átla-
gos kisvízi hozamok. A vízjárás változá-
sával összefüggésben tehát elsősorban a 
kisvizes időszakokkal kapcsolatos problé-
mák fognak a jövőben  kiéleződni. 
Pe de altă parte analizând rezultatele, 
concluzionăm că apele mici de toamnă şi 
vară pot să atingă minime extreme cu o 
frecvenţă mult mai mare, iar deficitul sever 
de apă poate apărea ocazional în sectorul 
de câmpie al Mureşului. Mai mult, scur-
gerea totală anuală va scădea considerabil 
pe termen lung. Conform lui Konecsny 
(2010), există deja perioade cu deficit sem-
nificativ de apă, subliniind asupra faptu-
lui că debitele sunt mai scăzute decât cele 
determinate statistic şi care desemnează 
valorile medii la ape mici. Totuşi, cea mai 
mare problemă care va interveni în regi-
mul râului va fi aceea a creşterii frecvenţei 
evenimentelor cu ape mici. 
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Következtetések
Az összefoglaló kötet negyedik tanulmányában a Maros vízgyűjtőre vonatkozó regi-
onális éghajlati modelleket elemeztük. Emellett felvázoltuk a folyó vízjárásával kap-
csolatos változások feltételezett irányát. Legfontosabb következtetéseink az aláb-
biak:
•	 A téli átlaghőmérséklet emelkedésével számos részvízgyűjtőn csökkenni fog a 
hókészletek nagysága. Mindamellett nagyobb magasságban akár több hó is felhal-
mozódhat, mivel a modellek a téli csapadékösszeg növekedését prognosztizálják.
•	 A tavaszi olvadás felgyorsulhat és időben hamarabb következhet be a hegyvidéki 
vízgyűjtőn, így amikor a téli csapadék mennyisége kiemelkedő a szélsőségesen 
nagy árvizek kialakulásának valószínűsége megnő.
•	 A modellek alapján a kora nyári csapadékhoz köthető árhullámok kialakulásában 
nem várható jelentős változás.
•	 Az előrejelzés alapján a nyári és a kora őszi időszakban az átlaghőmérséklet drá-
mai mértékben emelkedhet, míg a csapadékmennyiség csökkenni fog. Ez a vízho-
zamok jelentős visszaeséséhez vezethet.
•	 Az egész vízgyűjtő tekintetében az éves átlaghőmérséklet 2021–2050 között 1,4–
2,0 °C-kal, 2071–2100 között 3,6–3,8 °C-kal emelkedhet a mai értékekhez képest. 
Az első modellezési időszakban az éves csapadék mennyisége várhatóan csak 
kis mértékben változik, azonban a 2071–2100-as időszakban a modellek 20–50 
mm-es csökkenést jósolnak.
•	 A fentiek alapján az éves lefolyás 5–10%-kal történő csökkenése, valamint az 
aszály-veszélyeztetettség jelentős növekedése prognosztizálható.
A legfontosabb környezeti és társadalmi konfliktusok a jövőben így elsősorban a 
kisvizes időszakokhoz fognak kötődni. Az ipari, mezőgazdasági, ökológiai és rekre-
ációs célú szükségletek összehangolása kiemelkedően fontos lesz, mivel ezek jórészt 
a meleg és száraz időszakra koncentrálódnak. A várható problémák emellett meg-
követelik az egységes vízgazdálkodást és a vízkészletek fenntartható megosztását a 




În acest capitol au fost prezentate rezultatele prognozei climatice pentru bazinul 
Mureşului. Am dorit să subliniem în egală măsură şi tendinţa modificărilor preco-
nizate la nivelul regimului hidrologic al râului. Cele mai importante concluzii sunt 
enumerate mai jos:
•	 În urma creşterii temperaturilor din timpul iernii rezerva de zăpadă medie poate 
să se diminueze în unele sub-bazine. Cu toate acestea, la altitudini ridicate nu 
sunt excluse rezerve mai mari de zăpadă, de vreme ce modelele prognozează o 
uşoară creştere a precipitaţiilor iarna.
•	 Topirea zăpezii din timpul primăverii poate fi mai rapidă în partea superioară a 
bazinului, deşi în anii cu precipitaţii ridicate pe durata iernii sunt aşteptate inun-
daţii extreme.
•	 Modelele nu prognozează modificări considerabile în ceea ce priveşte volumul 
inundaţiilor de la începutul verii.
•	 Pentru perioada verii şi începutul toamnei creşteri dramatice de temperatură, 
respectiv scăderi la fel de ample de precipitaţii sunt prognozate. Această tendinţă 
va conduce la diminuarea debitelor medii.
•	 La scara bazinului temperatura ar putea creşte în medie cu 1,4–2,0 °C şi 3,6–3,8 °C 
în intervalele 2021–2050 respectiv 2071–2100.
•	 Precipitaţiile medii anuale se vor schimba probabil în mică măsură în primul 
interval analizat, în timp ce pentru intervalul 2071–2100 modelul prognozează o 
scădere semnificativă de 20–50 mm.
•	 Luând în considerare cele prezentate o reducere de 5-10% a scurgerii anuale este 
posibil să se producă, în timp ce severitatea secetelor ar putea să se intensifice.
Prin urmare, principalele probleme care vor apărea în viitor vor fi legate în principal 
de evenimentele ascoiate deficitului de apă. De aceea consumul de apă al activi-
tăţilor agricole, industriale, ecologice şi recreaţionale trebuie să fie armonizat, în 
condiţiile în care presiunea pe această resursă va creşte pe perioada verilor calde şi 
uscate. Toate aceste probleme necesită o strategie de management unitară, cu un 
consum echilibrat de apă atât în sectorul superior, cât şi în cel inferior al Mureşului, 
precum şi între cele două ţări vecine.
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A Maros közös örökségünk, erőfor-rásainak megőrzése és fejlesztése nemcsak az ipar vagy a mezőgaz-
daság, de a folyó mentén élő emberek szá-
mára is fontos. A sikeres és fenntartható 
vízgazdálkodás kialakítása során ezért a 
helyiek véleményét és elvárásait is érde-
mes figyelembe venni.
Ahogyan azt már bemutattuk, a folyót 
számos közvetlen és közvetett emberi 
hatás érte és éri, melyeknek pozitív és 
negatív következményeivel is számolnunk 
kell. Földrajzi és hidrológiai szempont-
ból a legfontosabb problémák jelenleg a 
homok- és kavicskitermeléshez, illetve 
a klímaváltozáshoz köthetők. Előbbi a 
mederfejlődés megváltozását, utóbbi 
a vízkészletek csökkenését okozhatja. 
A változások jellege és iránya már felis-
merhető, s a folyó általános megjelené-
sére és környezetre gyakorolt hatásuk is 
nyilvánvaló.
A fentiek figyelembevételével arra 
kerestük a választ, hogy milyen környe-
zeti problémákat és konfliktusokat ész-
lelnek az emberek a határ két oldalán? 
A Maros ebből a szempontból mennyire 
érintett? Milyen az emberek kapcsolata 
 Mureşul reprezintă patrimoniul nostru comun de aceea manage-mentul său trebuie să ţină seama 
nu doar de activităţile industriale şi 
agricole din regiune, dar şi de locuitorii 
aşezărilor riverane. Din acest motiv, în 
managementul sustenabil al Mureşului 
rolul şi opinia societăţii locale este deo-
potrivă important. 
După cum s-a arătat anterior râul a 
fost supus intervenţiilor umane într-un 
mod direct şi indirect, rezultând atât 
schimbări pozititve cât şi negative. Cele 
mai importante probleme din perspectivă 
geografică şi hidrologică sunt legate de 
schimbările dinamicii albiei, survenite în 
urma extragerii nisipului şi pietrişului şi a 
scăderii cantităţii de apă drenată în urma 
schimbărilor climatice actuale. Aceste 
probleme modifică aspectul şi mediul afe-
rent râului punându-şi totodată amprenta 
şi pe modul în care acesta va arăta în viitor.
Principalele întrebări ridicate de acest 
studiu în partea sa finală sunt: care sunt 
conflictele enviromentale sesizate de 
locuitorii celor două ţări? Este Mureşul 
relevant din această perspectivă? Cum 
folosesc şi percep locuitorii autohtoni 
Társadalmi 
elvárások
Sipos György, Rácz Attila, Mircea 
Ardelean, Petru Urdea, Katona  Orsolya, 
Sümeghy Borbála, Rakonczai János
Aşteptări 
sociale 
Sipos György, Rácz Attila, Mircea 
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Sümeghy Borbála, Rakonczai János
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a folyóval? Végül melyek a legfontosabb 
helyi elvárások a Maros jövője szem-
pontjából?
Módszerek
A projekt megvalósítása során fontosnak 
tartottuk, hogy minél jobban megismer-
jük a Maros mentén élők véleményét és 
elvárásait a folyóval és annak környeze-
tével kapcsolatban. E tekintetben a leg-
több információt egy kérdőíves felmé-
rés szolgáltatta, melyet a folyó mentén 
elhelyezkedő városokban és falvakban, 
mintegy 1000 fő megkérdezésével 2011 
októberében hajtottunk végre. Emellett 
több településen is tartottunk ismeret-
terjesztő előadásokat a helyi lakosok és 
az érintett szakmai szervezetek részvéte-
lével, ahol egyrészt bemutattuk kutatása-
ink eredményeit, másrészt megismertük 
az ott élők elképzeléseit a folyó jövőjével 
 kapcsolatban.
A kérdőíves felmérést megelőzően 
Apátfalván, Makón és Lippán tájékozódó 
jellegű interjúkat készítettünk, melyek 
során a települést érintő környezeti prob-
lémákról érdeklődtünk. Az interjúk kap-
csán mód nyílt kérdőívünk előzetes kér-
déseinek tesztelésére is. Az így gyűjtött 
kvalitatív információk segítségével tudtuk 
azután a végleges kérdéseket és az előre 
megadott válaszlehetőségeket összeállí-
tani. Ez nagyban növelte a felmérés meg-
bízhatóságát, hiszen ki tudtuk szűrni a 
kérdőívből a félreérhető, illetve a köznapi 
ember számár nem életszerű elemeket.
Végleges formájában a kérdőív 32 
darab kérdést tartalmazott. Többségük 
ún. zárt kérdés volt, melyeknél az inter-
júalanyok előre megadott lehetőségek 
közül választhattak. Mindamellett nyitott 
Mureşul? Care sunt aşteptările acestora 
în ceea ce priveşte utilizarea şi manage-
mentul acestuia?
Metode
Pentru a avea o imagine cuprinzătoare 
asupra atitudinii şi aşteptărilor locui-
torilor faţă de problema Mureşului şi a 
mediului înconjurător au fost organizate 
câte activităţi în cadrul acestui proiect. 
Dintre acestea cea mai importantă a fost 
analiza socială realizată în octombrie 
2011 în urma căreia au fost chestionaţi 
mai mult de 1000 de locuitori din loca-
lităţile din lungul Mureşului cu privire 
la problemele enunţate anterior. În plus 
au fost organizate workshop-uri şi întâl-
niri în diferite locaţii, prilej de a aduce în 
atenţia localnicilor şi întreprinzătorilor 
rezultatele obţinute şi de a consulta opini-
ile şi ideile participanţilor în ceea ce pri-
veşte evoluţia Mureşului în viitor.
Înaintea realizării chestionarelor în 
câteva localităţi (Apátfalva, Makó şi 
Lipova) cetăţenii au fost intervievaţi 
despre problemele enviromentale din 
aşezările în care locuiau. Aceste inter-
viuri ne-au ajutat să testăm oportunita-
tea întrebărilor preliminare propuse în 
chestionare. Rezultatele acestei analize 
calitative au constituit baza pentru reali-
zarea întrebărilor ce urmau să fie aplicate 
în faza cantitativă a cercetării. Această 
procedură a crescut evident credibilita-
tea anchetei sociale, deoarece aşteptările 
noatre preliminare asupra opiniei locui-
torilor au putut fi testate şi filtrate.
În forma sa finală chestionarul a 
cuprins 32 de întrebări. Cele mai multe 
au fost întrebări închise (respondenţii 
având posibilitatea de a alege  răspunsuri 
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kérdések is szerepeltek a kérdőívben, így 
a válaszadók lehetőséget kaptak összetet-
tebb gondolatok és vélemények megfogal-
mazására is. A kérdőív kitöltésének átla-
gos ideje 10–15 perc volt.
formulate în prealabil de aplicant). Câteva 
întrebări deschise, care le-au oferit prile-
jul participanţilor de a articula idei şi opi-
nii complete au fost de asemenea formu-
late. Timpul mediu de completare al unui 
chestionar a fost de 10–15 minute.
1. ábra: Kérdőívezés Makón.
Fig. 1: Aplicarea chestionarelor la Makó.
Fig. 1: Surveying at Makó.
A felmérés kérdőívezésben már jártas 
szociológia és geográfus szakos egye-
temi hallgatók bevonásával történt, akik 
kétfős vegyes csapatokat alkottak, egy 
magyar és egy román diák részvételével 
(1. ábra). Összesen 22 csoport vett részt 
a munkában, mely az alábbi települése-
ket érintette: Sâmbâteni, Csicsér (Cicir), 
Mondorlak (Mândruloc), Arad, Pécska 
(Pecica), Szemlak (Semlac), Magyar-
csanád, Apátfalva, Makó, Kiszombor és 
Maroslele (2. ábra)
Az egy-egy településre jutó kérdőívek 
számát a népességszám függvényében, 
súlyozással állapítottuk meg. Így a leg-
több interjú, szám szerint 345, illetve 
230 Aradon és Makón, míg a legkeve-
sebb, 20 illetve 25 Magyarcsanádon és 
Sâmbâteniben készült. Összesen 1062 
darab kérdőív került kitöltésre.
Studiul a fost realizat cu participarea 
studenţilor celor două universităţi care 
aveau experienţă în efectuarea chestio-
narelor. Aceştia au constiuit grupuri de 
câte doi, în fiecare echipă fiind câte un 
student român şi unul maghiar (Fig. 1). 
În total s-au constituit 22 de grupuri, iar 
chestionarele au fost aplicate în localită-
ţile  Sâmbâteni, Cicir, Mândruloc, Arad, 
Pecica, Semlac, Magyarcsanád, Apátfalva, 
Makó, Kiszombor şi Maroslele (Fig. 2).
Numărul chestionarelor aplicate în 
fiecare localitate a fost stabilit în func-
ţie de importanţa fiecăreia şi de popula-
ţia aferentă. În aceste fel cele mai multe 
chestionare au fost aplicate în Arad 
(345) şi Makó (230), iar cele mai puţine 
în Magyarcsanád (20) şi Sâmbâteni (25). 
În total au fost realizate 1062 de chesti-
onare.
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A felmérés során véletlen sétás adatfel-
vételt alkalmaztunk, azaz a kérdezőbiz-
tosok bárkivel készíthettek interjút egy 
előre meghatározott zónán belül. A zónák 
kijelölésével a válaszadók többszöri kikér-
dezése is elkerülhetővé vált (3. ábra).
A fost folosită metoda intervievării 
libere, care a presupus chestionarea res-
pondenţilor întâlniţi într-o anumită zonă 
a localităţii în timpul plimbării. Delimi-
tarea zonelor de intervievare a prevenit 
chestionarea de mai multe ori a aceluiaşi 
respondent (Fig. 3).
2. ábra: A kérdőívezés helyszínei.
Fig. 2: Localităţile în care s-au aplicat chestionarele.
Fig. 2: The settlements where the surveys were made.
A felmérés módszereit tekintve kvalitatív és kvantitatív elemeket is tartalmazott. A két meg-
közelítés együttes alkalmazása számos előnnyel szolgál (Letenyei 2004), hiszen néhány kérdés 
csak a kérdező által irányított interjúk segítségével tárható fel, ugyanakkor a reprezentativitás-
hoz kellő távolságtartás és statisztikailag is releváns méretű minta szükséges (Bryman 2001).
A szociológiai kérdőívezés során a reprezentativitás kulcskérdés az eredmények megbíz-
hatósága szempontjából, habár a megbízhatóság nem jelenti, hogy az eredmények érvénye-
sek is egyben. Definíció szerint a vizsgálat pontossága a reprodukálhatóságával mérhető, azaz 
a megismételt adatfelvételek eredményeinek különbségével (Babbie 2003, Firebaugh 2008). 
A kutatás érvényessége ugyanakkor arra utal, hogy a kapott válaszok és eredmények vajon 
híven tükrözik-e az általános képet (Babbie 2003, Firebaugh 2008). Mindez nagyban függ a jó 
kérdésmegfogalmazástól, illetve a megkérdezettek által adott válaszok értelmezhetőségétől 
(Letenyei és Rácz 2011). A kutatás eredményeinek megbízhatósága véletlenszerű mintavétel 
alkalmazásával, esetleg a mintaszám növelésével fokozható (Neuman 2006). A jelen felmérés 
esetében a klasszikus értelemben vett, címlistákon, vagy települési nyilvántartásokon alapuló 
véletlen mintavétel idő és erőforrások hiányában nem volt kivitelezhető. A reprezentativitást 
és a megbízhatóságot részben a viszonylag nagy minta (a népesség 0,2%-a Aradon, 1,0%-a 
Makón, 1,2%-a más településeken), részben pedig az interjú zónák kialakítása biztosította. 
Ezeket ugyanis úgy jelöltük ki, hogy vagy lefedjék az egész település területét, vagy pedig rep-
rezentálják annak mindegyik településföldrajzi egységét (3. ábra). A felmérés érvényességét 
az előzetes interjúk és a szakértők terepen szerzett saját tapasztalatai növelték. A kvalitatív és 
kvantitatív módszerek ily módon történő ötvözése úgy véljük elősegítette, hogy megbízható és 
érvényes következtetéseket vonjunk le a kutatás során.
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Metodologia studiului a fost atât cantitativă cât şi calitativă. În opinia lui Letenyei (2004) cele 
două perspective pot şi trebuie să fie combinate în anchetele sociale, de vreme ce rezultatele 
anumitor probleme pot fi evaluate doar dacă interviurile aplicate sunt realizate de experşi, iar 
reprezentativitatea acestora este îndeplinită prin înstrăinarea noastră faţă de respondenţi şi 
utilizarea metodelor statistice (Bryman 2001).
Pe durata intervievării reprezentativitatea este un element cheie de creştere a încrederii 
investigaţiei, dar această siguranţă nu înseamnă automat că rezultatele sunt valide în acelaşi 
timp. Prin definiţie corectitudinea studiului se măsoară prin reproductibilitatea sa; ex. Posi-
bilele diferenţe dintre rezultatele obţinute prin achiziţii repetate de date (Babbie 2003, Fire-
baugh 2008). Validitatea, pe de altă parte înseamnă dacă răspunsurile şi rezultatele obţinute 
sunt sau nu relevante (Babbie 2003, Firebaugh 2008). Aceasta depinde de modul de formulare 
al întrebărilor şi de capacitatea respondenţilor de a înţelege întrebarea şi de a furniza răs-
punsuri semnificative (Letenyei şi Rácz 2011). Încrederea, în general, poate fi ridicată dacă 
eşantionarea se face aleatoriu şi se aplică pe o entitate cât mai mare (Neuman 2006). În cazul 
cercetării recente selectarea aleatorie a respondenţilor (din cărţile telefonice sau statisticile 
administraţiei locale) nu a fost posibilă din lipsa timpului şi a resurselor necesare. Repre-
zentativitatea şi încredearea a fost asigurată parţial de chestionarea unui număr ridicat de 
persoane (0,2% din populaţia Aradului, 1,0% la Mako şi 1,2% în cazul celorlaltor localităţi) 
din zone diferite ale aşezării, pentru a acoperi toată suprafaţa acestora (Fig. 3). Validitatea 
analizei se bazează pe interviurile prealabile realizate şi pe experienţa membrilor proiectului 
în studierea problemelor geografice şi enviromentale ale râului pe un interval mare de timp. 
Combinarea tehnicilor cantitative şi calitative ne-a conferit mijloacele sigure pentru o cerce-
tare consistentă şi validă.
Chestionarul s-a bazat în mare măsură pe întrebările închise nominale, ordinale şi cu mai 
multe opţiuni de răspuns. Întrebările introductive au vizat principalele provocări cu care se 
confruntă localităţile şi valorile care merită o protecţie sporită. În al doilea set de întrebări 
respondenţii au fost întrebaţi despre probleme de mediu în general, iar apoi despre proble-
mele Mureşului. Ulterior relaţia locuitorilor cu râul a fost explorată. În final, preferinţele lor 
în ceea ce priveşte managementul râului şi rezolvarea problemelor râului în viitor au fost 
investigate. Interviul s-a finalizat cu chestionarea unor parametrii sociali ai respondenţilor 
(vârstă, gen, educaţie, ocupaţie).
A kérdőív jórészt strukturált, nominális és ordinális, valamint több választ is megengedő 
kérdésekből épült fel. A bemelegítő kérdések a település előtt álló legnagyobb kihívások és a 
védendő értékek köré szerveződtek. A válaszadókat ezt követően az általános, illetve a konkré-
tan a Maroshoz köthető környezeti problémákról kérdeztük. Ezután a helyiek folyóhoz fűződő 
kapcsolatát tártuk fel. Végül felmértük a válaszadók preferenciáit a jövőbeni beavatkozásokkal 
és a folyó környezetének megváltoztatásával kapcsolatban. Az interjúkat néhány társadalmi 
paraméter (életkor, nem, képzettség, foglalkozás) rögzítésével zártuk.
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3. ábra: A kérdőívezés zónái Arad különböző városrészeiben.
Fig. 3: Zonele în care s-au aplicat chestionarele în diferite cartiere din Arad.
Fig. 3: Allocation of survey zones at different districts of Arad.
Eredmények 
A települési környezet  
értékelése
Az első kérdések a települési környezet 
általános állapotára, valamint a környe-
zetvédelmi kérdések más, főként társa-
dalmi és gazdasági problémákhoz viszo-
nyított jelentőségére vonatkoztak.
A megkérdezettek 73%-a gondolta 
úgy, hogy szeret a településén élni. Igaz, 
jelentős különbségek mutatkoztak a 
határ két oldalán. Érdekes módon, míg 
Rezultate 
Evaluarea aşezărilor şi 
mediului înconjurător 
Primele întrebări ale chestionarului au 
vizat starea generală a aşezărilor şi ambi-
entul natural asociat acestora şi impor-
tanţa problemelor de mediu în compara-
ţie cu cele sociale şi economice.
Cu această ocazie am aflat că 73% din 
respondenţi sunt satisfăcuţi de aşeză-
rile în care locuiesc, existând diferenţe 
semnificative între cele două ţări. Astfel, 
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4. ábra: A település általános állapotának értékelése 5 fokozatú skálán (5: nagyon jó, 4: jó, 
3: kevésbé jó, 2: rossz, 1: nagyon rossz).
Fig. 4: Evaluarea stării generale a localităţii pe o scară cu 5 grade de apreciere (5: foarte bună, 
4: bună, 3: nu foarte bună, 2: rea, 1: foarte rea).
Fig. 4: Evaluation of the general state of the settlement on a 5 point rating scale (5: very good, 
4: good, 3: not so good, 2: bad, 1: very bad).
Romániában az emberek 81%-a, addig 
Magyarországon csak 63%-a volt elége-
dett lakóhelyével. A jelentős eltérés való-
színűleg a mindkét országban jellemző 
kelet-nyugati irányú gazdasági különbsé-
gekben gyökerezik, hiszen Arad megye 
Románián belül a fejlettebb nyugati régi-
óhoz, míg Csongrád megye Magyaror-
szág kevésbé fejlett területeihez tarto-
zik, s minden bizonnyal ez tükröződik a 
válaszokban is. Településtípusonkénti 
különbségeket nemigen lehetett kimu-
tatni. Ugyan Arad és Pécska 3,78 és 3,68 
pontot ért el a 4-es skálán, a legmaga-
sabb értéket Maroslelén (3,80) kaptuk. Az 
emberek Magyarcsanádon (3,15), Makón 
(3,33) és Csicséren (3,33) szeretnek a leg-
kevésbé élni. 
A település állapotát a válaszadók 5 
fokozatú skálán értékelhették. Ebben a 
tekintetben az országonkénti különb-
ségek szintén igen nagyok voltak: míg a 
magyarországi lakosok átlagosan 3,50-
re, addig a romániaiak 3,85-re értékelték 
településüket (4. ábra)
aproape 81% din românii chestionaţi s-au 
declarat foarte mulţumiţi, în timp ce 
numai 63% dintre maghiarii consultaţi au 
exprimat aceaşi părere. Această diferenţă 
poate fi explicată prin existenţa dispa-
rităţilor economice în ambele ţări între 
partea vestică şi cea estică (judeţul Arad 
este situat în vestul României, iar Cson-
grád în partea estică a Ungariei). Nu au 
fost sesizate diferenţe notabile între răs-
punsurile oferite de locuitorii aşezărilor 
urbane, respectiv rurale. Astfel, deşi Arad 
şi Pecica au cumulat un scor de 3,78 şi 
3,68, cea mai mare valoare a fost atinsă la 
Maroslele: 3,80, în condiţiile în care 4 era 
valoarea maximă. Cele mai mici scoruri 
s-au înregistrat la Magyarcsanád (3,15), 
Makó (3,33) şi Cicir (3,33). 
Starea generală a localităţii a fost eva-
luată pe o scară cu 5 nivele de apreciere. 
Rezultatele obţinute au fost şi mai sur-
prinzătoare. Astfel, locuitorii maghiari 
au evaluat starea generală a localităţilor 
autohtone, în medie cu 3,50 puncte, în 
timp ce românii cu 3,85 (Fig. 4).
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A fentiek alapján azt várhatnánk, hogy a 
környezet állapotát tekintve is optimis-
tábbak a határ román oldalán. A vála-
szok azonban mást mutattak, hiszen míg 
Romániában átlagosan 3,39-re, addig 
Magyarországon 3,66-ra értékelték a 
települések környezetét (5. ábra). A helyi 
lakosok véleménye szerint a környezet 
(víz, levegő, talaj, természet) állapota 
Kiszombor (3,98), Mondorlak (3,89) 
és Maroslele (3,88) környékén a leg-
jobb. Legrosszabbul (3,26) nem meglepő 
módon Arad (a legnagyobb, leginkább 
iparosodott település) teljesített, igaz 
Magyarcsanád (3,38) és Sâmbâteni (3,38) 
is a lista végére került (5. ábra).
Az eredményeket a társadalmi válto-
zók közül csak a képzettség befolyásolta, 
azaz a környezet állapotát az egyetemi 
diplomával rendelkezők szignifikánsan 
rosszabbnak ítélték meg, mint a többiek.
Az első kérdéscsoport végén arról kér-
deztük az embereket, hogy véleményük 
szerint vajon melyek lesznek a jövő leg-
nagyobb problémái. A megkérdezettek 
szabadon válaszolhattak, a válaszban 
Pe baza acestor răspunsuri aşteptările 
noastre au fost ca respondenţii români 
vor fi la fel de subiectivi şi în ceea ce pri-
veşte starea mediului natural. Pe o scară 
de la 1 la 5, românii au acordat numai 
3,39, în timp ce magharii 3,66 puncte 
mediului natural (Fig. 5). Localnicii au 
considerat că cele mai bune condiţii de 
mediu (apă, aer, sol, natură) sunt în jurul 
localităţilor Kiszombor (3,98), Mândru-
loc (3,88) şi Maroslele (3,88) la polul opus 
fiind Aradul (3,26) (cel mai mare şi mai 
industrializat oraş), dar şi Magyarcsanád 
(3,26) şi Sâmbâteni (3,38) (Fig. 5). 
Am încercat să evaluăm rezultatele 
obţinute în funcţie şi de parametrii socio-
logici (gen, vârstă, educaţie), dar în gene-
ral nu au fost semnalate relaţii semnifica-
tive, singura excepţie fiind reprezentată de 
percepţia mai proastă a stării mediului de 
către respondenţii cu studii universitare.
Primul grup de întrebări s-a finalizat prin 
chestionarea subiecţilor despre cele mai 
mari probleme în viitor, aceştia având 
posibilitatea de a răspunde liber. Aplican-
ţii au marcat opţiunile cele mai apropiate 
5. ábra: A település környezetének (víz, levegő, talaj, csend, stb.) értékelése 5 fokozatú skálán (5: 
nagyon jó, 4: jó, 3: kevésbé jó, 2: rossz, 1: nagyon rossz).
Fig. 5: Evaluarea mediului (apă, aer, sol, zgomot etc.) pe raza localităţii pe o scară cu 5 grade 
apreciere (5: foarte bună, 4: bună, 3: nu foarte bună, 2: rea, 1: foarte rea).
Fig. 5: Evaluation of the environment (water, air, soil, noise, etc.) at the settlement on a 5 point 
rating scale (5: very good, 4: good, 3: not so good, 2: bad, 1: very bad).
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elhangzott problémákat a kérdezőbizto-
sok jelölték be egy a tájékozódó interjúk 
alapján előre meghatározott listán. Ahogy 
azt vártuk, a helyiek szerint a legnagyobb 
jövőbeni kihívást a munkanélküliség 
jelenti a határ mindkét oldalán. Második 
helyen a települési szennyvizet jelölték 
meg az emberek. Ezt a problémát elsősor-
ban a falvakban (Kiszombor, Mondorlak 
és Csicsér) emelték ki a megkérdezettek 
(6. ábra). A válaszadók 7,3%-a gondolta 
úgy, hogy a harmadik fő kihívást a kör-
nyezet állapotának romlása jelentheti. E 
tekintetben Csicséren, Sâmbâteniben és 
Mondorlakon voltak a legpesszimistábbak 
a helyiek. Jelentős eltérést mutatkozott az 
összesített román (11,4%) és magyar (3,1%) 
adatok között, amit részben az aradi ered-
mények (13,9%) is befolyásoltak (7. ábra).
de răspunsurile dintr-o listă predefinită, 
stabilită în urma interviurilor orienta-
tive ce au precedat aplicarea chestiona-
relor. După cum ne-am aşteptat cea mai 
mare problemă a locuitorilor chestionaţi 
o reprezintă şomajul. A doua problemă 
o constituie poluarea cu deşeuri a ape-
lor municipale în special în localităţile 
rurale (Kiszombor, Mândruloc, Cicir), iar 
a treia deteriorarea mediului (Fig. 6). 7,3% 
din respondenţi au apreciat că aceasta 
ar putea fi o problemă în viitor, cei mai 
mulţi dintre cei chestionaţi care s-au ară-
tat îngrijoraţi de problemele de mediu 
fiind din mediul urban (Cicir, Sâmbâteni 
şi Mândruloc). Există o preocupare dife-
rită pentru mediu între români (11,4%) şi 
maghiari (3,1%). Această diferenţă nota-
bilă se datorează în primul rând rezulta-
telor înregistrate la Arad (13,9%) (Fig. 7).
6. ábra: Véleménye szerint a jövőben melyek lesznek településén a legnagyobb problémák? (A: 
munkanélküliség, B: szennyvíz problémák, C: környezet állapotromlása, D: beruházások iránya, 
E: szemétlerakás, F: autópálya hiánya, G: rossz fejlesztési politika, H: ivóvíz problémák, I: szórako-
zási lehetőségek hiánya, J épületek állapotromlása, K: kóborállatok, L: üzletek bezárása).
Fig. 6: Exprimaţi-vă opinia cu privire la cele mai mari probleme care vor afecta localitatea 
dumneavoastră în viitor (A: şomajul, B: probleme cu canalizarea, C: deteriorarea mediului, D: lipsa 
investiţiilor, E: poluarea cu deşeuri şi gunoaie, F: lipsa unei autostrăzi, G: politici de dezvoltare 
proaste, H: probleme cu apa potabilă, I: lipsa facilităţilor de divertisment, J: deteriorarea caselor, 
K: numărul mare al animalelor abandonate, L: închiderea magazinelor).
Fig. 6: In your opinion, what are going to be the greatest problems at your settlement in the 
future? (A: unemployment, B: sewage water problems, C: deterioration of the environment, D: 
lack of investments, E: waste, garbage disposal, F: lack of highway, G: bad development politics, 
H: drinking water problems, I: lack of entertainment facilities, J: deterioration of houses, K: too 
much stray animals, L: closure of shops).
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7. ábra: A három legfontosabb jövőbeni probléma a különböző településeken (A: munkanélküli-
ség, B: szennyvíz problémák, C: a környezet állapotának romlása).
Fig. 7: Cele mai mari trei probleme în cazul diferitelor localităţi (A: şomajul, B: probelemele cu 
canalizarea, C: deteriorarea mediului).
Fig. 7: The three most important future problems at the different settlements (A: unemployment, 
B: sewage water problems, C: deterioration of the environment).
Környezeti problémák  
a Maros mentén
A soron következő kérdések már a Maros-
hoz kötődtek. A folyó Magyarországon a 
második, Romániában a harmadik helyen 
lett megjelölve a legfontosabb természeti 
értékek sorában (8. ábra). Az első helyre 
magyar oldalon a tiszta levegő, Romániá-
ban pedig ez erdők kerültek. Fontos meg-
jegyezni, hogy még Aradon is nagyobb 
értéknek tartják az erdőket (40%) mint a 
tiszta levegőt (27%), pedig itt előzetesen 
ez utóbbit vártuk az első helyre. A Marost 
első helyen leggyakrabban Makón (33%), 
Apátfalván (31%), Mondorlakon (29%) 
és Aradon (28%) említették (8. ábra). 
E tekintetben elsősorban a végzettség 
alapján mutatkoztak szignifikáns elté-
rések. Míg a felsőfokú végzettségűek 
körében 32%, addig a közép és alapfokú 
végzettségűek körében mindössze 25%, 
illetve 19% helyezte a Marost az első 
Probleme de mediu  
în lungul Mureşului 
Următoarele întrebări au vizat starea 
Mureşului, râul fiind considerat ca fiind 
al doilea şi al treilea element natural din 
punct de vedere al valorii în percepţia 
maghiarilor, respectiv românilor (Fig. 
8). Primul loc a fost ocupat de păduri în 
cazul României şi de aerul curat în cel al 
Ungariei. Merită menţionat că inclusiv în 
Arad importanţa pădurilor (40%) a depă-
şit calitatea aerului (27%), deşi aşteptările 
noastre plasau calitatea aerului pe prima 
poziţie. Respondenţii au plasat Mureşul 
pe primul loc în Makó (33%), Apátfalva 
(31%), Mândruloc (29%) şi Arad (28%) 
(Fig. 8). Mureşul a fost preferat de res-
pondenţii cu studii superioare şi liceale 
32% dintre aceştia considerând râul ca 
fiind principala resursă naturală din zonă. 
Cât priveşte subiecţii cu studii primare şi 
secundare aceştia au optat pentru Mureş 
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8. ábra: A természeti értékek fontossága a helyiek véleménye alapján (A: erdők, B: rétek-legelők, 
C: madarak és más állatok, D: Maros folyó, E: tiszta levegő, F: egyéb)
Fig. 8: Importanţa valorilor naturale pe baza opiniei localnicilor (A: păduri, B: pajişti şi păşuni; 
C: păsări şi alte animale, D: Mureşul, E: aerul curat, F: altele)
Fig. 8: The importance of natural values, based on the opinion of locals (A: forests, B: meadows, 
pastures, C: birds and other animals, D: Maros/Mureş River, E: clean air, F: other)
helyre. A folyóhoz rendszeresen leláto-
gatók (a válaszadók 73%-a) többre érté-
kelték a Marost (27%) és az erdőket is 
(34%), mint akik nem. Utóbbiak esetében 
a tiszta levegő bizonyult a legfontosabb 
értéknek (46%).
A következő kérdés nyílt végű volt és a 
válaszadó által legutóbb észlelt környezeti 
probléma felől érdeklődött. Az emberek 
25%-a említett a folyóval kapcsolatban 
problémát. A Marost magukban foglaló 
válaszok Aradon (33%), Mondorlakon 
(60%) és érdekes módon Apátfalván (47%) 
voltak a leggyakoribbak. A Mondorlakon 
élők a folyó partjainak pusztítását és a 
bányászatot emelték ki, míg apátfalván a 
szennyezések és a part menti erdők álla-
pota miatt aggódtak leginkább a megkér-
dezettek.
într-o pondere mai redusă 19% respectiv 
25%. Respondenţii care vizitează Mureşul 
cu regularitate (73% din cei chestionaţi) au 
ales tot Mureşul (27%) şi fondul forestier 
(34%), în timp ce aceia care nu vizitează 
Mureşul au optat pentru aerul curat (46%). 
Următoarea întrebare a fost deschisă 
şi a chestionat subiecţii despre ultima 
problemă de mediu cu care s-au con-
fruntat. 25% din respondenţi au raportat 
probleme care implică Mureşul. Loca-
lităţile în care s-au înregistrat cele mai 
multe răspunsuri în această direcţie sunt 
Arad (33%), Mândruloc (60%) şi în mod 
interesant Apátfalva (47%). Respondenţii 
din Mândruloc au menţionat distrugerea 
malului râului de către exploatările din 
albie, în timp ce la Apátfalva oamenii sunt 
îngrijoraţi de poluare şi de starea păduri-
lor din lungul râului.
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Végül arra kértük a válaszadókat, hogy 
egy 7-es listából válasszák ki azt a 3 kör-
nyezeti problémát ami a leginkább érinti 
a Marost. A határ mindkét oldalán a 
szemétlerakás bizonyult a legfontosabb 
kérdésnek (9. ábra). Ez abból a szem-
pontból érthető, hogy a víz felszínén úszó 
műanyag palackok és az ártéren előfor-
duló szeméthalmok problémája látványos 
és mindenki számára könnyen érthető 
szerintük (10. ábra). Az átlageredmények 
alapján a szemétkérdés a romániai szaka-
szon szembetűnőbb. Települési szinten a 
válaszadók Apátfalván (válaszadók 91%-
a), Szemlakon (86%), és Mondor lakon 
(83%) jelölték meg ezt a problémát a leg-
nagyobb arányban.
A harmadik és negyedik helyre az 
ipari szennyezés valamint a települési 
szennyvíz került (9. ábra). Bár a vízmi-
nőség jelentősen javult az utóbbi évek-
ben (PMBH Mureş 2009) a Maros híre 
a helyiek körében ilyen tekintetben még 
mindig nagyon rossz. A szennyvíz prob-
lémáját a legnagyobb arányban Aradon 
(71%) és Pécskán (69%) jelölték meg, 
míg az ipari szennyezést szintén Aradon 
(50%), valamint Apátfalván (50%) hangsú-
lyozták. Megjegyzendő, hogy Arad kivéte-
lével a romániai válaszadók jóval kevésbé 
aggódtak az ipari szennyezéssel kapcso-
latban, mint a magyar településeken élők. 
Az előzetes interjúk során is tapasztaltuk 
azt a közkeletű magyarországi vélekedést, 
hogy vízminőségi problémákért elsősor-
ban a romániai ipar okolható.
Az illegális fakitermelést szintén sokan 
említették, ráadásul a határ mindkét 
oldalán (9. ábra). Igaz, a magyarországi 
válaszadók valamivel nagyobb jelentő-
séget tulajdonítanak a problémának. 
În final, subiecţii au fost rugaţi să selec-
teze 3 probleme de mediu care afectează 
Mureşul cel mai mult dintr-o listă de 7. 
De ambele părţi ale graniţei cea mai mare 
problemă o constituie deşurile solide 
(Fig. 9). Această atitudine este normală 
de vreme ce pet-uri din plastic plutesc 
în derivă la suprafaţa apei şi grămezi de 
gunoi se găsesc la tot pasul în zona de 
câmpie, deranjându-i pe locuitori (Fig. 
10). Analizând răspunsurile constatăm 
că problema deşeurilor solide îi afec-
tează într-o măsură mai mare pe cetă-
ţenii români. În cazul localităţilor cei 
mai îngrijoraţi s-au arătat locuitorii din 
Apátfalva (91% din respondenţi), Semlac 
(86%) şi Mândruloc (83%).
Pe locurile doi şi trei au fost menţio-
nate activităţile industriale şi contami-
narea apelor din reţeaua de canalizare 
(Fig. 9). Chiar dacă s-a îmbunătăţit con-
siderabil calitatea apelor în ultimii ani 
(PMBH Mureş 2009), Mureşul şi-a creat 
o reputaţie proastă din acest punct de 
vedere. Apa din reţeaua de canalizare a 
fost menţionată de cei mai muţi dintre cei 
chestionaţi (în Arad – 71%, iar în Pecica 
– 69%), urmată de poluarea industrială 
(în Arad – 50% iar în Apátfalva – 50%). 
Cu excepţia locuitorilor Aradului ceilalţi 
respondeţi români nu s-au arătat foarte 
îngrijoraţi de poluarea industrială spre 
deosebire de cetăţenii maghiari. În urma 
interviurilor preliminare s-a constat că 
cetăţenii maghiari consideră că proble-
mele asociate calităţii apelor se datorează 
industriei României. 
Exploatarea lemnului pare să fie o pro-
blemă semnificativă de ambele părţi ale 
graniţei (Fig. 9). În mod curios maghiarii 
consideră defrişările ca fiind o problemă 
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Ez abból a szempontból érdekes, hogy 
egy korábbi kérdés során épp a románok 
aggódtak jobban az erdők állapota miatt. 
Passzivitásukat ezúttal az magyarázhatja, 
hogy számos település környékén mára 
már alig maradt fa, amit ki lehetne esetleg 
vágni.
A román válaszadók jelentős része sze-
rint (35%) a homok- és kavicskitermelés a 
negyedik legfontosabb folyót érintő prob-
léma (11. ábra). Nem meglepő módon 
Csicsér (93%) és Sâmbâteni (92%) lakosai 
voltak a legelfogultabbak eben a kérdés-
ben, de az aradi lakosok harmada is meg-
jelölte ezt a pontot.
Összességében elmondhatjuk tehát, hogy 
a helyi lakosok észlelik a folyót érintő 
problémákat, ugyanakkor ezeket legin-
kább a településük vonatkozásában ítélik 
meg, a távolabbi folyamatokkal alig van-
nak tisztában. 
enviromentală mai importantă decât 
românii, chiar dacă respondenţii din 
România s-au arătat mai îngrijoraţi de 
situaţia pădurilor la o întrebare anteri-
oară. Unul dintre motive ar putea fi acela 
că în anumite localităţi (ex: Cicir) pădu-
rile au dispărut în toalitate. 
În opinia respondenţilor români (35%) 
exploatarea nisipului şi a pietrişului s-a 
dovedit a patra problemă enviromentală 
care afectează râul (Fig. 11). Nu este sur-
prinzător că respondenţii din Cicir (93%) 
şi Sâmbăteni (92%), precum şi o treime 
din cei chestionaţi în Arad s-au arătat cei 
mai îngrijoraţi. 
În concluzie am putut constata că 
localnicii sunt îngirjoraţi de problemele 
de mediu asociate  Mureşului, cu precă-
dere de acelea care afectează localităţile 
lor, chiar dacă nu sunt foarte bine infor-
maţi în această direcţie.
9. ábra: A Marost leginkább érintő környezeti problémák a megkérdezettek szerint (A: szemétle-
rakás, B: települési szennyvizek, C: ipari szennyezés, D fakivágás, E: homok- és kavicsbányászat, 
F: éghajlatváltozás, G: mesterséges létesítmények, H: egyéb).
Fig. 9: Cele mai importante probleme de mediu din lungul Mureşului pe baza răspunsurilor 
(A: poluarea cu deşeuri şi gunaoie, B: apele uzate municipale, C: poluarea industrială, D: defrişarea, 
E: balastierele, F: schimbările climatice, G: construcţiile, H: altele).
Fig. 9: The most important environmental problems along the Maros/Mureş according to the 
respondents (A: waste and garbage disposal, B: municipal waste waters, C: industrial pollution, 
D: tree logging, E: sand and gravel mining, F: climate change, G: human constructions, H: other).
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10. ábra: úszó műanyag szemét 
Apátfalvánál és Aradnál.
Fig. 10: Grămezi de deşeuri 
plastice plutind la suprafaţa 
Mureşului la Apátfalva şi Arad.
Fig. 10: Drifting plastic waste 
heaps at Apátfalva and Arad.
 
11. ábra: Ipari szintű és helyi homokkitermelés.
Fig. 11: Exploatarea nispului la scară industrială şi pentru propriile nevoi ale oamenilor.
Fig. 11: Industrial level and local sand mining.
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Kapcsolat a folyóval
A kérdőív harmadik szakaszában a 
helyiek folyóhoz való viszonyát igyekez-
tünk feltárni. A megkérdezettek 73%-a 
állította, hogy rendszeresen lelátogat a 
Maroshoz. Kis mértékű eltérést találtunk 
a válaszokban a megkérdezettek nemét 
tekintve, azaz a férfiak 78%-a a nők 68%- 
válaszolt igennel erre a kérdésre. Ennél 
azonban jóval jelentősebb tényezőnek 
bizonyult a válaszadók iskolai végzett-
sége. Az alapfokú végzettséggel rendelke-
zők mindössze 49%-a látogatja rendsze-
resen a Marost, míg a közép- és felsőfokú 
végzettséggel rendelkezők körében ez az 
arány 75%, illetve 89%. Ezt a megfigyelést 
több tényező is magyarázhatja: így a kép-
zettségi csoportok eltérő pénzügyi lehe-
tőségei, de az is, hogy az idősebbek között 
magasabb az alapfokú végzettségűek ará-
nya. Mindenesetre ekkora különbségre 
nem számítottunk. Területi vonatko-
zásban azt találtuk, hogy román oldalon 
az emberek 81%-a, míg a magyar olda-
lon csak 63%-a jár le a Maroshoz időről 
időre (12. ábra). Ez a különbség részben 
az aradi adatoknak köszönhető, hiszen a 
városon keresztülfolyik a folyó, ugyan-
akkor a román értékek még úgy is jóval 
magasabbak a magyar átlagnál, ha Aradot 
kihagyjuk az elemzésből (70%). A Maros 
látogatottsága nyilvánvaló összefüggést 
mutat a települések folyótól való távol-
ságával és a folyó megközelíthetőségével. 
Megjegyzendő ugyanakkor, hogy míg 
Kiszombor esetében a megkérdezettek 
csak 41%-a látogatja a folyót, a jóval távo-
labb fekvő Maroslele esetében ez az arány 
66%. A Makó esetében kapott érték (68%) 
is alatta maradt az előzetes elvárásoknak, 
Relaţia cu râul
Al treilea set de întrebări a vizat explo-
rarea relaţiilor dintre localnici şi Mureş. 
Dintre cei chestionaţi 73% au susţinut că 
vizitează Mureşul în mod regulat. Dife-
renţa în funcţie de genul respondenţilor 
nu este semnificativă, de vreme 78% din-
tre bărbaţi şi 68% dintre femeile intervie-
vate au răspuns afirmativ la această între-
bare. O dependenţă mult mai mare a fost 
depistată în funcţie de nivelul de educaţie 
al celor chestionaţi. Astfel, doar 49% din 
subiecţii cu studii primare vizitează râul 
cu regularitate, în timp ce cei cu studii 
medii şi superioare o fac într-o proporţie 
mai mare (75%, respectiv 89%). Această 
observaţie poate avea mai multe expli-
caţii, şi anume: diferenţe de mobilitate, 
situaţia economică variabilă şi vârsta dife-
rită a respondenţilor. Chiar şi aşa nu s-au 
aşteptat relaţii foarte puternice în această 
privinţă. Ţinând cont de diferenţele spa-
ţiale s-a constat că în partea românească 
81% din respondenţi vizitează râul din 
când în când în timp ce numai 63% din-
tre maghiari au un comportament simi-
lar (Fig. 12). Valorile sunt într-o oare-
care măsură părtinitoare, de vreme ce 
în municipiul Arad Mureşul traversează 
oraşul. Chiar dacă excludem Aradul din 
analiză valorile rămân mai ridicate în 
România (70%). Vizitarea Mureşului este 
în strânsă legătură cu distanţa faţă de 
râu şi accesibilitatea acestuia. De aceea 
trebuie amintit faptul că în Kiszombor 
numai 41% dintre respondenţi vizitează 
râul, în timp ce la Maroslele, care este 
situat mai departe, procentajul este de 
66%. A surpins şi valoarea scăzută înre-
gistrată la Makó (68%), care se bucură, de 
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hiszen a folyó itt jól megközelíthető és 
számos fejlesztés is várja a pihenni vágyó-
kat (12. ábra). A legfontosabb következte-
tés azonban mégis az, hogy a helyiek több 
mint kétharmada valamilyen módon kap-
csolatban van a folyóval, így az ő szükség-
leteiket és elvárásaikat is figyelembe kell 
venni a jövőbeni fejlesztések során.
asemenea, de o accesibilitate foarte bună 
şi beneficiază de facilităţi recreaţionale 
pe malurile râului (Fig. 12). În orice caz, 
cel mai important lucru este că mai mult 
de două treimi dintre localnici au o rela-
ţie apropiată cu Mureşul, motiv pentru 
care nevoile şi aşteptările lor trebuie să 
fie luate în considerarea în strategiile de 
management viitoare ale râului.
12. ábra: A folyót rendszeresen látogatók aránya.
Fig. 12: Ponderea celor care vizitează râul cu regularitate.
Fig. 12: The proportion of those who visit the river regularly.
13. ábra: A Marossal kapcsolatos tevékenységek megoszlása (A: séta a parton, B: halászat, hor-
gászat, C: fürdés, D: földművelés, E: vízisportok, F: homokelvitel, G: tűzifagyűjtés, H: legeltetés, 
I: autómosás, J: egyéb)
Fig. 13: Distribuţia activităţilor întreprinse de locuitorii riverani, care implică Mureşul 
(A: plimbări pe malul Mureşului, B: pescuit şi pescuit sportiv, C: scăldat, D: cultivarea pamantului, 
E: sporturi nautice, F: exploatarea nisipului, G: colectarea lemnului pentru foc, H: creşerea 
animalelor, I: spălarea maşnilor, J: altele).
Fig. 13: The distribution of activities made at the Maros/Mureş (A: walking on the riverside, 
B: fishing, angling, C: bathing, D: cultivating land, E: water sports, F: taking away sand, 
G: collecting firewood, H: grazing animals, I: washing car, J: other)
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14. ábra: Különböző tevékenységek a Maros mentén.
Fig. 14: Diferite activităţi desfăşrate în lungul Mureşului.
Fig. 14: Different activities along the Maros/Mureş
Azoktól, akik lejárnak a Maroshoz azt 
is megkérdeztük, hogy mindezt milyen 
célból teszik. A megkérdezettek számos 
lehetőség közül választhattak (14. ábra). 
Településtől, kortól, nemtől és képzett-
ségtől függetlenül a leggyakoribb tevé-
kenységeknek a parton való séta, a hor-
gászat és a fürdés bizonyult (13. ábra). 
Romániában a megkérdezettek 89%-a, 
Subiecţii care vizitează Mureşul cu regu-
laritate au fost întrebaţ ce îi motivează să 
aibă acest comportament (Fig. 14). Având 
posibilitatea să aleagă între mai multe 
opţiuni de răspuns, majoritatea au optat 
pentru plimbări pe malul râului, pescuit 
şi scăldat. În România 89%, iar în Ungaria 
80% din cei care vizitează râul o fac pentru 
a se plimba (Fig. 13). Rezultatele nu sunt 
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Magyarországon 80%-a mondta, hogy az 
előbbi tevékenység céljából keresi fel a 
folyót. A különbség nem jelentős, és főleg 
az aradi eredményekre vezethető vissza 
(93%). A Marost rendszeresen látogatók 
mintegy negyede halászni, illetve hor-
gászni megy a folyóhoz, míg a harmadik 
legnépszerűbb tevékenység a fürdés (13. 
ábra). Ez utóbbi tekintetében a magyar 
eredmények jóval magasabbak, ami fel-
tehetőleg a jobb ez irányú infrastruktú-
rának köszönhető. Hasonló különbség 
mutatható ki a vízisportok és a földmű-
velés terén, ami változatosabb haszná-
latot sugall a magyarországi szakaszon 
(13. ábra).
Változások és elvárások
A kérdőív utolsó részében arra voltunk 
kíváncsiak, miként értékelik a megkér-
dezettek az általuk észlelt változásokat, 
illetve milyen elvárásokat támasztanak a 
helyi közösségek a jövőbeni fejlesztések-
kel kapcsolatban. Az összes válaszadó 
59%-a vélte úgy, hogy a Maros állapota 
valamilyen irányban változik. Az arány 
csak területi szinten mutatott eltérése-
ket, azaz a magyarok 67%-a, míg a romá-
nok 54%-a észlel változásokat. A változás 
irányát (pozitív vagy negatív) tekintve az 
eredmények nagyon hasonlóak voltak 
a határ két oldalán. A változást észlelők 
mintegy 70%-a számolt be inkább nega-
tív folyamatokról. A válaszok megoszlá-
sát csak a település típusa befolyásolta, 
ugyanis a városi népesség valamelyest 
gyakrabban számolt be pozitív fejlemé-
nyekről (33%), mint a falvakban élők 
(22%). Ennek hátterében az állhat, hogy 
foarte diferite, fiind influenţate însă de 
cele înregistrate în cazul Aradului (93%). 
În jur de o pătrime dintre  respondenţi 
vizitează Mureşul pentru pescuit şi pes-
cuit sportiv. A treia activitate ca popula-
ritate este scăldatul. În acest sens rezulta-
tele obţinute în Ungaria sunt mai ridicate 
(Fig. 13), datorită facilităţilor superioare 
disponibile în sectorul maghiar. Diferenţe 
similare au fost sesizate şi în ceea ce pri-
veşte sporturile nautice, activităţile agri-
cole şi colectarea lemnului pentru foc, 
subliniind o utilizare mai diversificată a 
râului în partea maghiară (Fig. 13).
Transformări şi aşteptări
În partea finală a chestionarului subiecţii 
au fost solicitaşi să evalueze transformă-
rile experimentate de ei şi atitudinea şi 
aşteptările comunităţilor locale în ceea 
ce priveşte dezvoltarea în viitor. În total, 
59% dintre respondenţi au raportat că 
râul a înregistrat transformări. Răspun-
surile au variat doar în raport cu naţio-
nalitatea respondenţilor, şi anume 67% 
dintre maghiari şi 54% dintre români au 
observat schimbări în evoluţia recentă 
a Mureşului. În ceea ce priveşte sensul 
transformărilor (pozitive sau negative) 
rezultatele sunt similare de ambele părţi 
ale graniţei. În total 70% din respondenţi 
au realizat că schimbările raportate sunt 
negative. Distribuţia răspunsurilor a fost 
influenţată de tipul aşezărilor, şi anume 
schimbările pozitive au fost sesizate cu 
precădere de locuitorii din mediul urban 
(33%), faţă de cei din mediul rural (22%). 
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az Aradon, Makón és Pécskán élők több 
fejlesztéssel találkozhatnak a folyó telepü-
lésükhöz közeli szakaszán.
Az embereket arról is megkérdeztük, 
hogy közösségi szinten szerintük milyen 
hírek terjednek a folyóról. A válaszadók 
többsége a növekvő szennyezést és a 
csökkenő vízszinteket emelte ki a helyi 
érdeklődés szempontjából. A pozitív 
változást észlelők elsősorban a Makó és 
Arad környékén végbemenő folyóparti 
fejlesztésekre utaltak.
Ehelyütt arra is kíváncsiak voltunk, 
hogy a megkérdezettek véleménye szerint 
a helyi közösségek vajon megbecsülik-e 
a Marost és annak természeti értékeit. 
A válaszadók 4 fokozatú skálán értékel-
hettek. A két ország tekintetében igaz 
csak kis eltérést tapasztaltunk: az átlag-
eredmény Romániában 2,49, Magyaror-
szágon 2,69 volt, a magyarok valamivel 
nagyobb értéket tulajdonítanak a folyó-
nak. Az egyes települések tekintetében 
sem voltak jelentős különbségek. A leg-
alacsonyabb átlagértékeket Aradon (2,41) 
és Mondorlakon (2,42), míg a legmaga-
sabbakat Kiszomboron (2,97) és Magyar-
csanádon (2,75) mértük. Megjegyzendő, 
hogy azok között, akik nem látogatják a 
folyót ez az érték 2,73, míg azok esetében 
akik igen 2,53 volt, ami arra enged követ-
keztetni, hogy az utóbbi csoport valami-
vel pesszimistább vagy éppenséggel érzé-
kenyebb a folyó és környezete állapotának 
tekintetében.
Mivel a Maros helyi szintű használa-
tát alapvetően meghatározza a folyópart 
állapota, ezért kíváncsiak voltunk, hogy 
a megkérdezettek szerint karban van-e 
tartva, illetve milyen benyomást kelt a 
part. Az értékelés ismét 4 fokozatú ská-
lán történt. Ebben a kérdésben jelentős 
Motivul l-ar putea constitui dezvolta-
rea facilităţilor din imediata vecinătate a 
râului în cazul localităţilor urbane: Arad, 
Makó sau Pecica.
Oamenii au fost întrebaţi, de aseme-
nea, despre informaţiile cu privire la râu 
pe care le primesc la nivelul comunităţii 
locale. Cele mai multe răspunsuri care au 
vizat procesele negative asociate Mureşu-
lui au fost: sporirea poluării şi scăderea 
nivelului râului. Răspunsurile pozitive 
au făcut referire la dezvoltarea malurilor 
râului la Makó şi Arad.
Am fost interesaţi să aflăm şi dacă 
comunităţile riverane respectă Mure-
şul şi valorile sale naturale. Evaluarea 
a fost efectuată pe o scară având patru 
nivele de apreciere. Diferenţele obţinute 
au fost nesemnificative, şi anume 2,49 în 
România, respectiv 2,69 în Ungaria. Prin 
urmare, la nivelul comunităţilor există o 
apreciere sensibil  mai mare a râului în 
Ungaria faţă de România. Cele mai mici 
valori au fost măsurate în Arad (2,41) şi 
Mândruloc (2,42), iar cele mai mari la 
Kiszombor (2,97) şi Magyarcsanád (2,75). 
Este remarcabil faptul că rezultatele obţi-
nute în urma evaluării celor care vizitează 
frecvent râul sunt mai mici (2,53) decât 
cele obţinute de la cei care nu au o relaţie 
atât de strânsă cu Mureşul. Aceste rezul-
tate suportă ideea că grupul celor care 
frecventează mai des Mureşul este mai 
pesimist sau mai sensibil la transformă-
rile mediului din vecinătatea râului.
Deoarece utilizarea râului implică şi 
amenajarea vecinătăţii acestuia i-am con-
sultat pe respondenţi despre cât de bine 
sunt mangeriate aceste spaţii, respec-
tiv în ce mod îi impresionează. Evalua-
rea s-a realizat din nou pe o scară având 
patru nivele de apreciere. S-a constatat 
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különbségeket tapasztaltunk területi szin-
ten, mert míg a magyar átlagérték 2,90, 
addig a román érték mindössze 2,17 volt 
(15. ábra). Romániában a legalacsonyabb 
pontokat Csicsér (1,33) és Mondorlak 
(1,66) kapta, Arad (2,28) és Pécska (2,15) 
valamivel jobban teljesített (15. ábra). Ez 
alapján a nagymérvű homok- és kavicski-
termelés és az ehhez köthető természet-
károsítás a helyiek számára is nyilvánvaló. 
A határ másik oldalán a települési átlagok 
jóval magasabbak voltak. A falvak, ahol 
a folyópart kevesebb figyelmet kap, 2,5 
körüli átlagot értek el, míg Makó esetében 
kiemelkedő értéket, 3,05-öt mértünk (15. 
ábra). Ez az eredmény egyértelműen az 
utóbbi időkben itt véghezvitt rekreációs 
és turisztikai célú folyóparti fejlesztések-
nek (pl.: kalandpark) köszönhető.
Jelentős különbséget figyeltünk meg a 
környezetvédelmi kérdések iránt muta-
tott érdeklődésben. Egy 3 fokozatú skálán 
a romániai válaszadók lényegesen érdek-
lődőbbnek (2,45) bizonyultak a magyar-
országiaknál (2,15). Úgy véljük ennek 
o diferenţă semnificativă între rezulta-
tele oferite de respondenţii români (2.17) 
respectiv maghiari (2,90) (Fig. 15). În 
România cele mai slabe scoruri s-au înre-
gistrat în cazul localităţilor Cicir (1,33) 
şi Mândruloc (1,66), în timp ce la Arad 
(2,28) şi Pecica (2,15) s-au semnalat valo-
rile cele mai bune (Fig. 15). Prin urmare, 
activitatea intensă a balastierelor şi dis-
trugerea valorilor naturale influenţează 
decisiv percepţia locutorilor. De cealaltă 
parte a graniţei mediile înregistrate în 
cazul fiecărei localităţi au fost mai ridi-
cate. În cazul satelor, unde proximitatea 
râului nu cunoaşte amenajări speciale s-a 
înregistrat un scor de 2,50, în timp ce la 
Makó media a fost remarcabilă, şi anume: 
3,05 (Fig. 15), datorită amenajărilor cu rol 
recreaţional (ex: parcul de aventură) rea-
lizate în ultima perioadă. 
S-a constatat în acest fel că există dife-
renţe de percepţie semnificative de cele 
două părţi ale graniţei. Pe o scară cu 3 
nivele de apreciere, respondenţii români 
(2,45) s-au arătat mult mai preocupaţi 
15. ábra: A folyópart állapotának értékelése 4 fokozatú skálán (4: rendezett, 3: inkább rendezett 
semmint rendezetlen, 2: inkább rendezetlen semmint rendezett, 1: rendezetlen).
Fig. 15: Evaluarea stării proximităţii râului pe o scară cu 4 nivele de apreciere (4: bine mangeriat, 
3: mai degrabă bine manageriat, 2: mai degrabă manageriat slab, 1: manageriat slab).
Fig. 15: The evaluation of the state of the riverside on a 4 point rating scale (4: well managed, 
3: rather well managed, 2: rather unmanaged, 1: unmanaged).
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hátterében az áll, hogy Romániában és 
különösen a Maros mentén a környezet 
állapotának romlása előrehaladottabb 
és látványosabb. Ezt megerősítette egy 
másik kérdés is, melynek kapcsán a kör-
nyezetszennyezés helyi mértékét a román 
válaszadók jóval nagyobbnak (3,19) érté-
kelték, mint magyar társaik (2,86).
A kérdőív zárásaként a Marossal kap-
csolatos emberi beavatkozások elfo-
gadható mértékéke felől kérdeztük a 
felmérésben résztvevőket. A válaszokat 
különösebben nem befolyásolta a meg-
kérdezettek neme, kora avagy képzett-
sége, azonban területi szinten figyelemre 
méltó eltéréseket tapasztaltunk. Átlago-
san a válaszadók 17%-a vélte úgy, hogy 
semmilyen emberi beavatkozásnak nincs 
helye. A magyarországi eredmény (22%) 
ugyanakkor lényegesen magasabb volt, 
mint amit Romániában kaptunk (12%) 
(16. ábra). A beavatkozások teljes eluta-
sítása Apátfalván (27%), Szemlakon (26%) 
és Makón (25%) volt a legnyilvánvalóbb.
A legnagyobb eltérések mindamellett 
a turizmussal kapcsolatos beavatkozások 
terén mutatkoztak. Figyelemre méltó, 
hogy a magyar válaszadók mindössze 
26%-a támogatná az ilyen irányú fejlesz-
téseket, míg Romániában ez az arány 
51% (16. ábra). Az eredmények alapján a 
magyarok vagy túl pesszimisták a fejlesz-
tések tekintetében, vagy nincsenek tisz-
tában a folyó turisztikai potenciáljával. 
A határ másik oldalán ugyanakkor kitö-
rési pontot látnak a turizmusban, vagy 
egyszerűen csak úgy gondolják, hogy 
bármiféle ilyen jellegű beavatkozás segít-
hetne a folyó leromlott környezetének 
javításában.
decât cei maghiari (2,15). Am apreciat 
această atitudine ca fiind rezultatul unei 
degradări enviromentale mai pregnante 
în România în lungul Mureşului. Acest 
lucru este confirmat de răspunsurile 
furnizate la problema poluării mediului 
local. Pe o scară de la 1 la 4, responden-
ţii români (3,19) au considerat problema 
aceasta ca fiind mai gravă decât vecinii 
maghiari (2,86).
Ultima întrebare a chestionarului şi-a 
propus să exploreze percepţia locuitorilor 
asupra gradului în care intervenţiile antro-
pice sunt acceptabile. Răspunsurile nu au 
fost influenţate de genul, vârsta şi nivelul 
de educaţie al respondenţilor, dar la nive-
lul celor două ţări s-au semnalat diferenţe 
notabile. În medie 17% din respondenţi 
au răspuns că nu ar trebui acceptată nici 
un fel de intervenţie la nivelul râului. În 
această direcţie trebuie specificat că pro-
centajul respondenţilor maghiari (22%) a 
fost considerabil mai mare (12%) (Fig. 16). 
Dintre localităţile în care s-au înregistrat 
cele mai mari valori amintim: Apátfalva 
(27%), Semlac (26%) şi Makó (25%).
Cele mai mari diferenţe au fost sesi-
zate în acceptarea intervenţiilor pentru 
stimularea turismului. Doar 26% dintre 
respondenţii maghiari ar agrea astfel de 
amenajări în viitor, în timp ce în România 
ponderea este mult mai mare (51%) (Fig. 
16). Pe baza acestor rezultate am con-
statat că respondenţii maghiari sunt fie 
pesimişti în ceea ce priveşte dezvoltarea 
locală fie nu sunt conştienţi de potenţialul 
turistic al râului, în timp ce vecinii români 
probabil întrevăd în turism o importantă 
oportunitate de dezvoltare locală sau con-
sideră că o intervenţie minoră de acest fel 
va atrage după sine îmbunătăţirea stării 
enviromentale a Mureşului.
152
Nem meglepő módon a lehetséges 
beavatkozások közül az árvízvédelmi jel-
legűek bizonyultak a legelfogadhatóbb-
nak (60%) a határ mindkét oldalán (16. 
ábra). Mindazonáltal magasabb értékekre 
számítottunk e tekintetben. A relatíve ala-
csonyabb értékek részben annak tudha-
tók be, hogy egy korábbi kérdés alapján a 
válaszadók 56 és 44%-a tart a Maros árvi-
zeitől Magyarországon, illetve Romániá-
ban. Ez az eredmény elsősorban a magyar 
települések szempontjából érdekes, 
hiszen ezek veszélyeztetettsége jelentő-
sen nagyobb, mint a felmérés által érintett 
román településeké, melyek területének 
jó része ármentes térszínen húzódik. Úgy 
tűnik az 1970-es nagyárvíz emléke mára 
már valamelyest megfakult.
A keményebb beavatkozások támoga-
tottsága természetesen alacsonyabb volt, 
bár a Romániában lényegesen elfoga-
dóbbnak bizonyultak ebben a tekintetben 
Nu surprinzător, cea mai acceptată formă 
de intervenţie acceptată a vizat protec-
ţia împotriva inundaţiilor (60%), fiind 
acceptată în mod egal în ambele ţări (Fig. 
16). Cu toate acestea ne-am aşteptat ca 
respondenţii să aprobe într-o manieră 
mai categorică acest gen de intervenţii. 
O posibilă explicaţie este oferită de răs-
punsurile primite la o întrebare anteri-
oară, când doar 56%, respectiv 44% dintre 
respondenţii maghiari şi români îşi fac 
griji din pricina inundaţiilor Mureşului. 
Răspunsul acesta surprinde în special 
în ceea ce priveşte localităţile maghiare 
mult mai expuse (cele din România sunt 
situate la o altitudine relativă mai mare) 
şi extrem de afectate de inundaţiile catas-
trofale din anii 1970. 
Intervenţiile majore sunt dezaprobate 
de către localnici, chiar dacă românii 
sunt mai îngăduitori din acest punct de 
vedere. 25% dintre răspunsurile românilor 
16. ábra: A különböző mértékű emberi beavatkozások elfogadottsága a megkérdezettek körében 
(A: ne legyen beavatkozás, B: turisztikai céllal, C: árvízvédelmi céllal, D: közlekedési céllal, E: ipari 
céllal).
Fig. 16: Acceptarea diferitelor tipuri de intervenţie umană de către respondenţi (A: nicio inter-
venţie, B: intervenţii turistice, C: intervenţii împotriva inudndaţiilor, D: intervenţii legate de 
transport, E: intervenţii industriale)
Fig. 16: The acceptance of different human interventions according to the respondents (A: no 
interventions, B: interventions for tourism, C: intrventions for flood protection, D: interventions 
for transportation, E: interventions for industry)
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Következtetések
Az összefoglaló kötet ötödik tanulmányában a helyi lakosok folyóval, annak környe-
zetével és jövőjével kapcsolatos véleményét tártuk fel egy kérdőíves felmérés segít-
ségével. A vizsgálat alapján levont fontosabb következtetéseink az alábbiak:
•	 Bár a romániai válaszadók elégedettebbnek tűntek településük általános állapo-
tával kapcsolatban, lényegesen jobban aggódtak környezetük állapota miatt, mint 
magyarországi társaik.
•	 A helyiek megítélése alapján a környezet állapotának romlása jóval nagyobb prob-
léma Romániában. A magyar válaszadók kevesebb ilyen irányú utalást tettek.
•	 Következésképpen a romániai lakosok érdeklődőbbek a környezetvédelem és a 
környezettel kapcsolatos kérdések iránt.
•	 A Maros értékeinek megőrzése egyformán fontos az embereknek a határ mindkét 
oldalán, bár Romániában az erdők védelme még ennél is fontosabbnak tűnik a 
helyiek szemében.
•	 A legszembetűnőbb, így a válaszadók által legtöbbször említett környezeti prob-
léma a Maros mentén a szemétlerakás.
•	 Bár a vízminőség az 1990-es évek óta javuló tendenciát mutat, a folyónak megle-
hetősen rossz híre van ilyen tekintetben.
•	 A megkérdezettek jelentős hányada rendszeresen látogatja a folyót, a leggyako-
ribb tevékenység ilyenkor a parton való sétálás.
•	 A folyóparti fejlesztések elsősorban a városok mentén jellemző, ezért a falun élők 
kevésbé elégedettek a folyó állapotával.
•	 A válaszok alapján a Marost és természeti értékeit közösségi szinten valamivel 
jobban féltik a magyarországi településeken.
is. A román válaszadók 25%-a támogatna 
hajózást segítő beavatkozásokat, úgy 
mint mederkotrás vagy kő szórások (16. 
ábra). A magyarok esetében a megkérde-
zettek mindössze 15% vélekedett hason-
lóan. Végezetül, átlagosan az emberek 
mindössze 11%-a tartja elfogadhatónak a 
jövőre nézve az ipari célú beavatkozáso-
kat (mint pl. a bányászat). Ebben a tekin-
tetben a két ország eredményei alig tértek 
el (16. ábra). 
au considerat că intervenţiile de îmbu-
nătăţire a navigabilităţii râului (dragare, 
pavarea malurilor cu structuri solide) sunt 
acceptabile (Fig. 16), în timp ce în cazul 
maghiarilor procentul a fost mai scăzut 
(15%). În medie doar 11% dintre respon-
denţi au admis că intervenţiile industriale 
(ex: balstierele) ar trebui aprobate în vii-
tor, diferenţele dintre cele două ţări fiind 
nesemnificative (Fig. 16).
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•	 A határ mindkét oldalán inkább negatív változásokat észlelnek a folyó állapotában 
az emberek. Ugyanakkor főként csak azon problémákról tudnak, melyek közvet-
len környezetüket érintik.
•	 A megkérdezettek ellenzik a Maros ipari célú hasznosítását. A turizmussal kap-
csolatos fejlesztéseket Magyarországon a vártnál kevésbé támogatták. Az árvízvé-
delmi célú beavatkozások a legelfogadottabbak.
Összességében megállapítható, hogy a Maros síksági szakasza mentén élők pesszi-
mistának tűnnek a folyó jelenlegi és jövőbeni állapotának tekintetében. Úgy véljük 
azonban, hogy az idők során közösségi szinten néhány nem megalapozott elképze-
lés is gyökeret vert a folyót érintő problémákkal kapcsolatban. Következésképpen a 
helyiek tájékoztatása a folyón jelenleg is zajló folyamatokról kiemelkedően fontos. 
Ezáltal a jövőbeni változások és beavatkozások elfogadottsága nőne. A vizsgálatok 
alapján úgy tűnik, hogy a folyó rekreációs céllal történő használatára igen jelentős 
az igény a Marosmenti településeken, ezért a folyóparti fejlesztéseknek teret kell 
adni a jövőben. Ily módon a helyiek kapcsolata a folyóval szorosabbá válna, és az 
elsősorban Romániában szükséges, környezet állapotát javító beavatkozások az 
eddigieknél is több látogatót vonzanának a Maros partjára.
Concluzii
În următoarele paragrafe am prezentat sintetic rezultatele studiului sociologic efec-
tuat, care a avut ca scop localizarea atitudinilor comunităţilor cu privire la Mureş, 
mediul său şi managementul său viitor. Principale concluzii sunt prezentate mai jos:
•	 Chiar dacă locuitorii din România s-au delcarat mai satisfăcuţi de starea generală 
a mediului, au părut să fie mai îngrijoraţi de problemele de mediu.
•	 Pe baza opiniilor localnicilor, deteriorarea mediului îi preocupă mai mult pe locu-
itorii din România, maghiarii raportând mai puţine probleme.
•	 Ca şi o consecinţă românii sunt mai îngrijoraţi de problemele de mediu existente 
şi de protecţia mediului natural.
•	 Îngrijorarea pentru starea Mureşului este prezentă în ambele ţări. În România 
protecţia pădurilor pare să-i preocupe într-o măsură mai mare pe localnici.
•	 Cea mai vizibilă şi totodată cea mai frecvent menţionată problemă de mediu o 
reprezintă poluarea cu deşeuri solide.
•	 Chiar dacă calitatea apei s-a îmbunătăţit după 1990, proasta reputaţie a râului în 
acest sens este puternic întipărită în în memoria colectivă.
•	 O pondere însemnată de riverani vizitează râul în mod frecvent, cea mai populară 
activitate reprezentând-o plimbările în lungul Mureşului. 
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•	 Amenajările din vecinătatea râului afectează în principal localităţiile urbane, de 
aceea locuitorii din mediul rural nu sunt foarte satisfăcuţi de condiţiile actuale.
•	 Respondenţii au considerat că Mureşul şi valorile sale naturale sunt apreciate mai 
mult de către comunităţile locale din Ungaria.
•	 De ambele părţi ale graniţei oamenii percep mai degrabă schimbările negative 
asociate Mureşului. De aceea, sunt foarte îngrijoraţi de intervenţiile care le afec-
tează mediul natural aflat în proximitate.
•	 Oamenii sunt mai degrabă împotriva utilizării industriale a Mureşului, acceptând 
într-o măsură sub aşteptări intervenţiile ce implică turismul (în Ungaria) şi pro-
tecţia împotriva inundaţiilor.
În concluzie am putut afla că locuitorii din lungul Mureşului din zona de câmpie 
sunt pesimişti în ceea ce priveşte prezentul şi viitorul râului. În acelaţi timp am 
constatat că există nişte concepţii greşite la nivelul comunităţilor locale în ceea ce 
priveşte probleme generale care afectează râul. Prin urmare credem că informa-
rea populaţiei cu privire la anumite procese ar fi extrem de importantă. În acest 
fel riveranii ar accepta viitoarele decizii manageriale şi activităţi mult mai conşti-
enţi. Se pare că cererea utilizării în scop recreaţional a râului este considerabilă, 
de accea amanajarea proximităţii acestuia ar fi foarte oportună. Considerăm că în 
acest fel relaţia locuitorilor cu râul ar fi şi mai strânsă, iar îmbunătăţirea condiţilor 
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 R iver Maros/Mureş is our common heritage, a strong natural and economic link between Hungary and Romania. The long term sustainability of its resources – the water itself, the great amount of sandy sediment transported, or the exceptionally 
important natural habitats of high biological and ecological values – is an elementary 
interest of the two countries.
However, the availability and quality of these resources is endangered by several fac-
tors. From these the short and long term effects of past and present human interven-
tions and that of climate change have to be emphasized. Therefore, our research was 
primarily motivated by the investigation of the above key issues, which were addressed 
by initiating a uniform and complex transboundary research on the lowland section 
of the Maros/Mureş with the participation of the University of Szeged and the West 
University of Timişoara in the framework of the Hungary-Romania Cross-Border 
 Co-operation Programme 2007-2013. The reader holds in his or her hand the summa-
rized results of this one and a half year long project.
The investigation was primarily focusing on the Lipova–Szeged section of the Maros/
Mureş. Partly because concerning its character and evolution it is a uniform and well 
separable unit, and partly because this section is investigated by several other cross-
border projects (ESHSE-MCA, Eco-bridge, MARIVMICCOLL, MAROS-HABITAT, 
NATPARKSHURO).
Although we aimed to provide an as comprehensive insight to the processes related 
to the river as possible, being geographers and geomorpholgists we were mainly con-
centrating on factors which mostly determine the evolution of the river channel itself. 
The monitoring of channel changes can be important not only for water resource plan-
ning, but also from the aspect of biological, hydrological, water quality and economic 
questions and problems. We assume that for laying the fundaments of future cross-
border co-operations and strategic regional planning it is exceptionally important to 
explore and map the changes characterising the river and the expectations formulated 
by local societies.
As during the project it was a central issue to introduce our activities to people living 
along the Maros/Mureş we were attempting to compose the studies published in this 
summary in a way that they are understandable and hopefully useful not only for the 
professional audience but also for those locals and decision makers who are interested 
Foreword
György Sipos, Petru Urdea
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in or devoted for the river and would like to get an insight to its evolution. Conse-
quently, the studies do not resemble exactly the classical language and structure of sci-
entific publications. Nevertheless, we considered it important to introduce the profes-
sional details of the research and its methodology as well. Technical explanations were 
separated from the basic text by using smaller letter size and a single column layout. 
Additionally, at the end of each chapter, keeping in mind decision makers, we outlined 
the most important conclusions of the research. These sections can also be well distin-
guished from the main text.
The studies were prepared in Hungarian, Romanian and also in English. The English 
text is at the end of the volume with references to figures in the Hungarian-Romanian 
parallel version. As a consequence figure captions are trilingual.
Finally, we hope that the material introduced here will find the approval of both pro-
fessionals and non-professionals. Furthermore we believe that the research activity ini-
tiated within the project will contribute to lay the fundaments of a sustainable river 
management and to preserve and improve the resources of the Maros/Mureş in the 
long run.
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 River Maros/Mureş is the fourth largest waterflow of the Carpathian Basin after the Danube, Tisa and the Dravarivers. The alluvial fan of the river is among the most extensive geographical units of the region. The river itself has a high energy and 
changes quickly, thus the understanding of actual processes requires compound inves-
tigations.
Before we start to introduce in detail the past, present and expectable evolution of 
the lowland section of the river it is important to get an overview on the characteristics 
of its catchment, its hydrology and the most significant human impacts on the basis of 
the available literature. 
The Maros/Mureş is the most significant tributary of River Tisza/Tisa. It drains 
the water of the Transylvanian Basin into the direction of the Hungarian Great Plains 
(Fig. 1). Its total length is 769 km, while its so called lowland section from Lipova to 
 Szeged is 175 km. It forms the border between Romania and Hungary on a 22 km sec-
tion between Nădlac and Apátfalva. From the remaining length 122 km goes for Roma-
nia and 28 km for Hungary. 
Fig. 1. – page 10 
The catchment of the Maros/Mureş
The area of the Maros/Mures catchment is approximately 30 000 km2, comprising this 
way one fifth of the entire Tisza/Tisa catchment. The Maros/Mureş watershed is situ-
ated mostly in Romania (92%). In terms of its shape it can be divided into two parts 
(Laczay 1975). The upstream part is rectangular (250x100 km), while the downstream 
section starting from Deva is elongated (200x30km) (Fig. 2). This feature slightly tem-
pers the ferocity of floods arriving from the mountainous sections, as flood waves flatten 
when they pass through the long lowland section without significant tributaries (Boga 
and Nováky 1986). Still, the discharge of the river can be regarded highly fluctuating.
The most elevated point of the catchment is the 2511 m high Peleaga Peak (Retezat 
Mountains), while the lowest point is at 81 m at the outlet of the river near Szeged 
The Maros / Mures
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(Boga and Nováky 1986). The two sources of the Maros/Mureş is located on the western 
slopes of the Hăşmaş Mountains near Izvorul Mureşului at a height of 850 m and 1350 
m (Fig. 2). 
Fig. 2. – page 11 
From the source to the outlet the river can be divided into four different sections 
on the basis of slope conditions. The almost 110 km Upper Maros/Mureş passes the 
 Giurgeului Basin (Fig. 3/A and 3/B) then it breaks through the Topliţa-Deda gorge in 
between the Căliman and Gurghiu Mountains (Fig. 3/C), built up mostly by volcanic 
rocks. The slope of this section is very high: in average 370 cm/km (Török 1977). 
The next reach between Deda and Alba Julia is the so called Middle Maros/Mures, 
which has a length of around 260 km. The river passes the Transilvanian Plain, the fore-
lands of the Gurghiu Mountains and the Târnava Hills (Fig. 3/D). Here it flows in a 
 valley as wide as 15 km at certain sections (Fig 3/E and 3/F). This area is built up mostly 
by sedimentary rocks, average slope is 50 cm/km. 
The 225 km long Lower Maros/Mures is stretching between Alba Julia and  Lipova 
along a tectonic fault line separating the Apuseni Mountains and the  Southern 
 Carpathians (Fig. 3/G and 3/H). On its way here slope decreases to 30 cm/km. The 
 Lowland Maros/Mures reaches from Lipova (Lippa) to the outlet, has a length of 
172 km and a slope of 20 cm/km.
Fig. 3. – page 13 
Based on borehole data the Maros/Mureş had started to build its alluvial fan in the 
 Pliocene, some 3–3.5 million years ago (Borsy 1989). During the Quaternary the so 
called Ancient Maros/Mureş changed its direction frequently and deposited several 
hundreds of meters of sediment in the unevenly sinking area of the southern Great 
Plains. The alternation of glacial and interglacial periods determined the quantity of 
water drained and the amount and type of sediment transported by the river. During 
the dry and cold glacials low mean discharges and coarse sediments were characteristic 
as a result of lower precipitation and increased physical weathering. In the meantime 
warmer and wetter interglacial periods favoured chemical weathering and beside larger 
discharges the transportation of fine grain sediments increased (Andó 2002). The river 
has developed dynamically throughout the Pleistocene and in the past 10 000 years of 
the Holocene period as well, which is reflected by a great number of abandoned paleo-
channels (Fig. 4).
Fig. 4. – page 15 
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The hydrological characteristics of the river
The Maros/Mureş and its tributaries are mostly fed by precipitation and overland flow. 
Due to the geology of the catchment (overwhelmingly volcanic and crystalline rocks) 
and the high proportion of very steep slopes floods rise relatively quickly, and last for 
only a short time. Based on the analysis of almost 500 smaller and larger flood waves, 
peak stages are reached in less than 10 days at Makó, and the passing of flood waves is 
also fast. Long lasting inundations can only be observed downstream of Makó due to 
the impounding effect of the Tisza/Tisa.
Since the second half of the 19th century, hydrological measurements have been con-
tinuous on the Maros/Mureş. For example daily water level measurements at the Makó 
and Arad station date back as far as the 1870s (Fig. 5). Stage data are measured from the 
“0” point of fluvio-meters, which were set to the level of the lowest water observed prior 
to the start of regular measurements. Later due to the decrease of water levels, as a mat-
ter of incision, negative values have also appeared in the records.
Fig. 5. – page 16 
Two major floods may develop annually on the river. The first is due to snowmelt in 
early spring, the second is caused by early summer rainfall usually in June. Boga and 
Nováky (1986) have demonstrated that the maximum water delivery is characteristic in 
April (15% of the total amount of water). The greatest flood on record ocurred in 1970 
with a peak discharge of 2210 and 2420 m3/s at Arad and Makó, respectively. The flood 
caused severe problems on the entire river. Its development was related to heavy spring 
rainfalls on the mountainous catchment which led to simultaneous snowmelt and thus 
torrent floods on the tributaries of the Maros/Mureş (Lucaciu 2006). After 1970 signifi-
cant floods occurred in 1974, 1975, 1981, 1998, 2000 and 2006, thus the recurrence of 
major flood events is between 5 to 15 years.
Following the April-June floods the rest of the year is characterized by low stages 
(Fig. 6). The so called low water period lasts approximately 10 months starting in June 
and terminating in next March, with a minimum water delivery at October (Boga and 
Nováky 1986). The lowest stage on record was observed during September 2012, -109 
cm at Makó equalling a discharge around 30 m3/s. The decreasing tendency of values 
during the past 20 years is partly due to climatic changes and increasing reservoir capac-
ity on the tributaries in the upland catchment (Konecsny and Bálint 2009). Recently, 
incision can also have an effect on water level decrease, however, based on more than 
100 low water cross sections taken at Makó between 1987 and 2004, no change could be 
detected in the level of the riverbed (Sipos 2006).
Fig. 6. – page 18 
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Compared to other rivers in the region the Maros/Mureş transports a huge amount 
of sediment. The mean discharge of suspended load is 263 kg/s (8 300 000 t/y). In the 
meantime the volume of bed load is 0.9 kg/s (28 000 t/y) (Bogárdi 1974). The amount 
of the annually transported suspended load is almost equal to the values of the Tisza 
upstream of the Maros/Mureş estuary, while in terms of bed load the river carries as 
much as the Danube at Nagymaros (Fig. 7).
Fig. 7. – page 19 
Human impacts from among the human interventions on the lowland section of 
River Maros/Mureş, inevitably the regulation works of the 19th c. were the most signifi-
cant. The Maros/Mureş was the most important commercial and cultural link between 
Transylvania and the Great Plains. However, sudden and devastating floods and inten-
sive channel development had raised the need of uniform river regulations to protect 
settlements and agricultural lands. The works had been started gradually from the mid-
dle of the 19th c. according to the most up-to-date principles of the time, unfortunately 
works could never be entirely completed.
In its natural state, just like other rivers of the Great Plains the Maros/Mureş had 
sustained and year by year flooded an extensive marshland, interlaced by numerous 
side channels of the river (Tóth 1993, 2000, Somogyi 2000, Ihrig 1973). The wilderness 
of the area was increasing during the Turkish occupation: previously cultivated lands 
were left behind and most of the settlements were devastated (Tóth 1993, Somogyi 
2000). Among these circumstances shipping and the economic use of the river could 
not improve (Laczay 1975)
Following the withdrawal of the Turks, life returned to the river only by the middle 
of the 18th c. (Tóth 1993, Andó 2002). In this period people made their living primarily 
by utilising the water covered, swampy land for animal breeding, logging and fishing). 
In the meantime, salt and timber transportation from Transylvania increased continu-
ously. As time passed, however, the improvement of agriculture became indispensa-
ble. This and increasing commercial activity induced the first organised efforts for river 
management (Fig. 8). The same situation was apparent on other rivers as well. Finally, 
extensive efforts resulted the protection of 21 200 km2 land on the Great Plains and also 
the irreversible transformation of the landscape (Dunka et al. 1996).
Fig. 8. – page 21 
The regulation of the lowland section of the Maros/Mureş had started with levee 
construction and the blocking of side channels in order to prevent extensive flooding 
(Török 1977). The place and track of levees still reflect an important character of the 
regulation work, namely flood control usually preceded cut-offs and channel training. 
Consequently, in most of the cases, levees follow the bank lines of original, pre-regula-
tion meanders (Ihrig 1973).
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The training of the main river channel also started in the middle of the 18th c., how-
ever, interventions were usually local and meant the cut-off of a single meander. From 
the middle of the 19th c. more extensive and uniform works started (Fig. 9 and 10), but 
these were time to time hindered by the conflicting interests of municipalities and 
landlords (Tóth 1993). By the late 19th c., however, 33 cut-offs were completed between 
Lipova and Szeged (Fig. 11), which resulted that the originally 260 km lowland section 
was shortened to 170 km (Laczay 1975, Török 1977). The effect of cut-offs was posi-
tive in terms of flood prevention as water drainage became faster. The towns of Arad 
and Makó were relieved of flood hazard. Besides, due to the drastic decrease in length, 
the slope of the Maros/Mureş doubled (from 14 cm/km up to 28 cm/km) and the river 
incised at certain sections nearly 1 m (Laczay 1975). Simultaneously the energy of the 
river also increased, which lead to bank erosion and at the apparent sediment transport 
rate to the development of large sand bars. These conditions made navigation, a major 
reason for the regulations, almost impossible (Gillyén 1912).
Fig. 9. – page 23 
Fig. 10. – page 24 
Fig. 11. – page 25 
The stabilisation of the channel and the riverbanks started in the late 19th c., with the 
aim of facilitating shipping. In this period twice as many boats, and twice as much cargo 
arrived at Szeged on the Maros/Mureş than on the Tisza/Tisa. Therefore, the initiation of 
steam shipping was also among the plans (Tóth 2002). Works were started on the Conop–
Arad section in 1865. On concave banks stone revetments were applied, on convex banks 
brushwood groins were installed (Fig. 12). Motivated by the success of the Conop-Arad 
project and the problems of navigation on downstream sections works were continued 
on the Makó-Szeged reach. Here, in the lack of stone mostly brushwood was used for 
the stabilisation of the banks (Bogdánfy 1906). The next plan was to extend bank stabi-
lisation to sections downstream of Arad (Gillyén 1912). Works had been started in 1912 
(Török 1977), however, the construction could not be finished as World War I. broke out.
Fig. 12. – page 26 
Regulation works were partially restarted only after World War II. In the 1950s and 
1960s the Makó-Szeged section was finalised by using stone structures. Meanwhile on 
the Romanian and the joint Romanian-Hungarian section only small and local meas-
ures were implemented, uniform and complex river training seems to be out of reach 
for a long time (Fig. 13). Consequently, the river can almost freely develop between 
Pecica and Makó, while upstream of Arad it flows in a quasi artificial channel as a result 
of intensive mining. Unmanaged river reaches, such as the border section, nevertheless 
,provide the means of studying quasi natural processes and the long term reaction of the 
river to human interventions.
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Fig. 13. – page 27 
The most important human impacts recently have been reservoir construction on the 
upland reaches and gravel and sand extraction on the lowland sections. Reservoir con-
struction started in the early 1980s. At present the total water storage capacity equals 
700 million m3 from which 300 million m3 can be used for permanent storage and flow 
control (Konecsnyi and Bálint 2009). This quantity is substantial if we consider that the 
mean annual flow volume of the Maros/Mureş is 5800 million m3 at Arad. As a result in 
average years 5%, in low water years 10% of the total discharge can be retained (Konec-
snyi and Bálint 2009). As a comparison the total annual water consumption of Hungary 
and Romania is 5500 and 7300 million m3, respectively (OECD 2002). Although water 
release is almost continuous from reservoirs, as the largest ones are used for hydro-
power generation, water storage has an inevitable role in the decreasing discharges of 
Maros/Mureş. Besides, during the peak operation of stations small flood waves appear 
on the river, significantly affecting the low water regime. The largest structures are 
located on the Strei and Sebeş (Fig. 14), but there are several smaller ones on the Arieş 
and Târnave. The thermal power stations of Iernut and Deva-Mintia also utilize a sig-
nificant amount of water, but it is drained back to the river (Konecsnyi and Bálint 2009).
Fig. 14. – page 28 
Fig. 15. – page 29 
Gravel and sand has been extracted from the river for a long time, however in the 
past decade the volume of mining increased significantly. For example in 2011 on the 
Romanian section 920 000 m3 of sand and gravel were extracted from the river offi-
cially (SGA Arad 2012). On the Hungarian section an additional 100 000 m3 is removed 
(MBFH Szolnok 2012). The activity is the most intensive on the Pauliş-Mândruloc sec-
tion, where both the banks and the channel itself are practically mined away (Fig. 15). 
The possible results of these interventions are not fully explored yet. It is important 
therefore to investigate the response of the river to different types of human impact. 
This may also help to develop best practices to monitor the long term development of 
the Maros/Mureş in order to aid sustainable river management.
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Conclusions
In this section we have reviewed the available information on the hydrogeographi-
cal and hydrological characteristics of the Maros/Mureş river and its catchment. 
We also took a glance on the most important human interventions affecting the 
river. Based on these information the following brief conclusions can be made:
•	 The river has a high slope even on its lowland sections, which provides a consid-
erable energy for fluvial processes.
•	 The alluvial fan of the Maros/Mureş also reflects an intensive fluvial development 
in the past, which was controlled by climatic and tectonic processes. However, 
the chronology and the dynamics of its evolution have not been resolved yet.
•	 The discharge of the river is highly variable. The largest floods are caused by 
the sudden melting of winter precipitation. Low water periods are long lasting. 
Unfortunately it is not known how hydrology will be affected by climate change 
in the future.
•	 The Maros/Mureş delivers a great amount of sandy, gravely sediment, which is of 
high economic value, but the sediment budget and its short term change has not 
been assessed so far.
•	 19th century regulations changed considerably the morphology of the river. The 
most obvious consequences of interventions were incision and widening at cer-
tain sections. However, the long term morphological responses of the lowland 
section have not been studied before.
•	 Present day human impacts can have a significant role in determining the hydrol-
ogy and morphology of the river, but the detection and modelling of changes 
need a complex monitoring strategy.
Although there are valuable earlier studies in relation with the river, numerous 
questions concerning its past, present and future are still unanswered. The assess-
ment of these is only possible by the means of the most up-to date methods. In the 
next chapters we will attempt to give an insight how we addressed the above men-
tioned issues in the framework of our scientific research project.
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T he clues for deciphering the past evolution of River Maros/Mureş are hidden in its vast alluvial fan, located in Békés, Csongrád, Arad and Timiş counties (Fig. 1). A great number of abandoned channels are recording the history of a very active 
river, the evolution of which was greatly influenced by the climatic and morphologi-
cal conditions of the time. When was the river the most dynamic? How much water 
did flow in the abandoned channels from Sannicolau Mare to Orosháza? When did 
the most abrupt changes occur in its evolution? A large set of questions for which we 
sought answers in the first phase of our research.
Fig. 1. – page 34 
By finding the answers for the questions above it will be possible to reconstruct the 
dynamics of the alluvial fan development in the past several thousands of years, and to 
reveal further relationships concerning the evolution of ancient river channels and the 
prevailing climatic conditions on the catchment. Why are these investigations impor-
tant from the aspect of the present and the future of River Maros/Mureş? The answer is 
rather complex: with the help of these data the long term behaviour of the river system 
can be understood, the magnitude of extremities that occurred and might occur in the 
future can be estimated, and the capacity of the river for adjustment can be assessed.
Methods
For the mapping of the ancient Maros/Mureş channels the best available data sources 
were applied on both sides of the border. The investigation was based on 1:10 000 
scale Hungarian and 1:25 000 scale Romanian topographical maps. As the resolution 
of Romanian maps and contour lines were inadequate for detailed mapping at certain 
locations, satellite images and aerial photographs were also applied for the investigation. 
Although Hungarian territories could occasionally be mapped in more detail, charac-
teristic channel types and related morphology could be detected and mapped quite pre-
cisely on the entire alluvial fan. This meant that both meandering sections with related 
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point bars, and braided channels with their complex in-channel bar systems were quite 
well identifiable (Fig. 2).
Fig. 2. – page 35 
In case of ancient meandering rivers the calculation of past discharge is usually based 
on channel parameters such as meander radius, amplitude or channel width (Gábris 
1986, Timár and Gábris 2008). The idea behind these calculations is that the change in 
discharge values will naturally be resembled in the size of meanders, namely the greater 
the discharge is, the larger, wider and higher radius bends will develop. By utilising the 
meander parameters and discharge data of numerous present day rivers it is possible 
to determine a regionally valid functional relationship, based on which past, so called 
palaeo-discharges can be calculated from the size of abandoned channels (Gábris 1986).
As the first step of our research we aimed to develop regionally valid equations, which 
in the given geographical setting and at given channel size define the relationship 
between channel parameters and the bankfull or channel forming discharge as precise 
as possible (Williams 1984). For determining the functions above the earliest possible 
discharge data (from the 1930s) was plotted against the natural pre-regulation meander 
parameters (radius, arc length, chord length) of different rivers on the Tisza catchment 
(Sümeghy and Kiss 2011). As a result, we were able to determine what discharge and 
consequently what climatic conditions were responsible for the development of the dif-
ferent meandering channels on the alluvial fan (Fig. 3).
During the mapping of abandoned river channels, sections with meandering, braided and 
anastomosed pattern were differentiated (Fig. 2) (Rust 1978, Rosgen 1984, Schumm 1985). 
The planform view of the channel usually reflects the hydrogeographical, hydrological and 
environmental parameters, determining both fluvial forms and processes in a river system. 
These so-called controlling parameters are closely related to the climate, geology, geomor-
phology and vegetation of the catchment, and rivers thus will always develop their unique 
morphology by adjusting themselves to the conditions above.
Meandering rivers are usually characterised by medium channel slope and discharge, 
mixed sediment composition, medium or strong vegetation control on the banks. These will 
result the development of well developed meanders and point bar systems. On the other 
hand, braided rivers are usually characterised by high channel slope and discharge, increased 
bed-load transport and weak vegetation control on the banks. These conditions are usually 
met at dry and cold climate and at high energy rivers leaving the mountains and entering the 
lowlands. Rivers of this type are characterised by wide and shallow anabranching channels, 
levees running along the branches and midchannel bars and islands. Anastomosing rivers 
usually have a low channel slope, they transport mainly suspended sediment, and vegetation 
control is considerable in their case. Close to their estuaries rivers will usually have this pat-
tern. Anastomosing rivers are also anabranching, but islands which separate branches are 
much larger, and they are usually dissected from earlier floodplain surfaces.
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For creating the equations, the values of bankfull discharge (Qb) were taken from the Hydro-
logical Yearbooks of the 1930’s. This ensured that the investigations were made on only 
slightly deformed, close to natural state cross-sections where bankfull discharges could 
resemble the original values. Only the data of those gauging stations were applied where 
cross-sectional measurements were regular during the 1930s, thus first bankfull water level 
then the related bankfull discharge could be determined. Altogether 18 stations met this cri-
teria, 7 on the Tisza and 11 on its tributaries. 
Meander parameters – radius of curvature (Rc), bend length (L) and chord length (H) – 
were determined on 5 meanders in the direct vicinity of gauging stations by digitizing river 
banks from the maps of the 3rd Military Survey (1882–1884). The reason for using this map 
series was that planform deformation due to river regulation and management was not sig-
nificant at this time. The radius of curvature was determined based on a circle being tangen-
tial at least in 3 points to the centre line of the channel. Bend length was taken as the distance 
along the centre line between the midpoints of two neighbouring straight sections separating 
bends (inflection sections). Chord length was taken as the straight distance between inflec-
tion mid points. Measurements were made by ArcGIS 9.2.
After plotting the collected discharge data against measured meander parameters second 
order polinomial functions were formulated. The correlation coefficients (R2) of these were 
in all case 0.7 or higher, which refers to a relatively strong statistical relationship between the 
parameters. It is very important to note, however, that the calculated equations are valid only 
in the domain of the investigated discharge values and meander parameters (Table 1).
The palaeo-discharge of rivers, leaving behind numerous channels on the Maros/Mureş 
alluvial fan, was calculated by the equations determined above. For the calculations only the 
data of well developed, mature bends (Laczay 1982) were used (Fig. 3), since Gábris (1986) 
has proved before that these are the most suitable for discharge calculations.
Fig 3. – page 37
Table 1. – page 39.
The method above is only applicable for meandering river channels. In case of 
straight and braided sections a different approach is needed. In their case we calculated 
the bankfull, and thus channel forming discharge using the Manning equation, based on 
the cross-sectional area and the slope of channels (Baker et al. 1988). The area and other 
parameters of palaeochannel cross-sections were determined by sedimentological and 
geoelectrical (ERT) investigations. Slope was determined from digital terrain models 
made from topographic maps and SRTM data.
Sedimentological and geoelectrical profiles were acquired at 6 study sites, represent-
ing both meandering and braided river sections. The primary aim of the measurements 
was to identify the level of the original riverbed usually marked by coarser sediments. 
This way the average depth of chanels could be determined. In all, around 2 000 m of 
geophysical sections were measured (Fig. 4) and 38 drillings were made (maximum 
depth: 5.40 m, mean depth 2–3 m). Cores were sampled at every 10 cm, this way 
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approximately 1 600 samples were collected (Fig. 5). These were then analysed by an 
automated laser grain size analyser (Fritsch Analysette 22 MicroTec plus) purchased in 
the framework of the present project. During the investigations, besides determining 
discharge values, we also explored the relationship between grain size and geoelectrical 
data, we determined site specific electric resistance values, and we made estimations for 
the energy conditions of past riverflows.
Fig. 4. – page 40 
Fig. 5. – page 41 
Two dimensional geoelectric profiling (ERT) was made by a PASI system, equipped with 32 
electrodes (Fig. 4). Profiles were acquired by using the Wenner alpa (Wα) electrode array, 
having the advantage that compared to other arrays it enables faster profiling and it is less 
sensitive to horizontal inhomogeneity (Milsom 2003). To achieve the necessary resolution, 
electrode spacing was set to 2 m. The evaluation of profiles was made by software RES2DINV.
Sediment samples for granulometric measurements were treated by HCl and H2O2 to 
remove their carbonate and organic content, then after drying they were gently crushed. 
Prior to the measurements samples were homogenised for 3 min in the ultrasonic chamber 
of the measurement apparatus (36 kHz, 60 W) (Fig. 5). Measurements were made by two 
linearly polarised He–Ne lasers in the green (532 nm, 7 mW) and infrared (940 nm, 9 mW) 
domain. The grain-size range measured by the device is 0.08–2000 μm, analyses are made on 
108 channels, thus a quasi continuous grain-size spectrum is received. Measurements were 
repeated three times in case of each sample, and results of the third measurement were used 
for further analysis (Kun et al. 2012). During the evaluation different statistical parameters 
were determined (mode, median, standard deviation, skewness, kurtosis, and te values of 
D10, D50 and D90) to describe the coditions of sedimentation and flow energy.
The bankfull discharge of palaeochannels was determined by using the Manning 
equation, which requires cross-sectional parameters and channel slope as input data 
(Qb = A * R
2/3 * S1/2 * 1,49/n, i.e. Qb = w * d
5/6 * S1/2 * 1,49/n, where A – cross-sectional area, 
R – wetted perimeter of the cross-section, S – channel slope, w – channel width, d – channel 
depth, n – Manning roughness coefficient). The equation has only one restriction, namely the 
width of the river must be greater than its depth by at least one order of magnitude (Baker et 
al. 1988). The value of the roughness coefficient in the equation is usually between 0.03 and 
0.08 in case of natural waterflows. The roughness value used for the calculations (n=0.056) 
was determined on the basis of discharge measurements at the Makó gauging station. Beside 
the palaeo bankfull discharge the velocity (v = R2/3 * S1/2 * 1,49/n, where v: the mean veloc-
ity of the waterflow) and the specific streampower (ω = φ * g * Q * S/w, where ω: specific 
streampower, φ: density of the liquid, g: gravitational acceleration) of plaeo-rivers were also 
determined. Cross-sectional parameters were determined at several points on each channel, 
values were averaged and their standard deviation was built in the error of the final results 
(Taylor 1983).
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For the OSL dating the sandy 90–150 μm and 150–220 μm quartz fraction of sediments 
were used (Fig. 6). The main steps of laboratory pretreatment were the following: removal 
of carbonate and organic matter content with acids (HCl, H2O2), separation of the quartz 
grains by heavy liquid density separation (LST), purifying the sample with hydrogen-fluoride 
(HF) etching and gluing the pure quartz sample onto stainless steel discs with silicone. The 
exact aim of the measurements is to determine the amount of radioactive dose (palaeodose) 
absorbed by the sample since its burial, which can be done through complex tests and meas-
urements (Novothny and Ujházy 2000, Onac 2004, Sipos et al. 2009).
The amount of absorbed palaedose was determined with a RISØ TL/OSL DA-15 auto-
mated luminescence reader equipped with a radioactive beta source. Samples were stimu-
lated with 470 nm blue light. For the measurements the widely used single aliquot regen-
eration protocol (SAR) was used with all its test for determining adequate measurement 
parameters (Wintle and Murray 2006). Each sample was divided into numerous subsamples 
(48–72 pcs), measurement results were analysed statistically (Galbraith et al. 1999) and the 
most probable value of absorbed dose was identified (Fig. 7).
Age calculation needs one further parameter, the amount of absorbed dose per unit time 
in other words dose rate, which is determined by the amount of naturally occurring radioac-
tive elements (uranium, thorium, potassium) in the sediment. The concentration of these 
was measured by using a Canberra type low background Ge gamma spectrometer. 
The age of abandoned channels was determined by OSL (optically stimulated lumi-
nescence) measurements. With the help of this method it is possible to determine the 
time when the sandy-silty sediments, building up the investigated channels, were last 
exposed to sunlight. This also tells the depositional or burial age of sediments and thus 
the age of different channel forms. Consequently, sediments must not be exposed to 
light during sampling, and all laboratory work must be done in a dark room. Measure-
ments are preceded by several chemical and physical procedures which aim at the sepa-
ration of the quartz content of the samples (Fig. 6).
In all 27 samples were collected from the sediments of those palaeo-channels which 
are characteristic representatives of different channel generations, i.e. the main courses 
of ancient riverflows. Sampling was made on those forms (primarily point bars and 
islands) which could be clearly related to the last active phase of channel formation and 
sediment deposition.
Fig. 6. – page 44




Based on the mapping and geomorphological evaluation, the total area of the alluvial 
fan is nearly 10 000 km2 (Fig. 1). It is located mainly in Békés and Arad counties, but 
significant territories are situated in Csongrád and Timiş, and smaller parts extend even 
to Serbia. In the north the fan is bordered by the Körös/Criş River. However, the aban-
doned channels of the Maros/Mureş reach as north as Békéscsaba. West and southwest 
of the fan the floodplain of the Tisza, in the south the channels of the Béga/Bega are 
situated (Fig. 8). There is more than 30 m difference between the lowest and highest 
points of the alluvial fan. Although the entire alluvial fan is subsiding, some areas sink 
at a lower pace and form relative uplifts. As a consequence the river developed a spec-
tacular valley with terraces in between the Battonya High and the Vinga Plateau (Fig. 9).
Based on the abandoned river channels, several generations were identified (Fig. 8). 
Discharge calculation and dating was focused on these major paths of fluvial activity. 
The pattern of channel generations was different, and the size of channels also showed 
a great variety. These facts already indicated that fluvial forms developed at very differ-
ent discharges, meaning that the climate on the catchment was oscillating from time 
to time. The pattern and size of channels, however, is also influenced by their situation 
on the alluvial fan, the composition of the transported sediment and the slope of the 
area. In this sense the alluvial fan can be separated into three zones (Fig. 8). The first, 
upper zone extends to the Orosháza–Battonya–Lovrin line, has a slope of 20–25 cm/
km and characterised mostly by braided channels. The second, middle zone is a nar-
row stripe with 25–30 cm/km where most of the past riverflows – even those being 
braided – developed large meanders. In the third, lower zone slope decreases to 22–27 
cm/km, certain channels return to their upper zone pattern, but in most of the cases 
meandering becomes dominant. The steep middle zone can be regarded as the border 
of intensive sediment accumulation. Upstream of this area the anabranching braided 
rivers deposited large amounts of bedload on the alluvial fan, downstream the role of 
finer sediments is greater (Fig. 8).
The largest, at some locations 2 km wide, braided channels are related to three 
major channel generations situated on the Nagykamarás–Pusztaottlaka–Csanádapáca–
Orosháza line, the Kunágota–Pitvaros–Kövegy–Apátfalva line and in Romania the 
Periam–Lovrin–Comloşu Mare line (Fig. 8). These channels are characterised by enor-
mous islands and natural levees, which rise over the plane of the alluvial fan by 1.5–2 m, 
providing thus safe sites for the settlement of people and cultures living in the region in 
the past.
Most of the channels, detectable on the surface, however, were left behind by the 
meandering ancestors of the river. The largest bends are located northeast of Makó 
and near Mezőkovácsháza, Csabacsűd and Zimandu Nou (Fig. 8). Sometimes, e.g. in 
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the vicinity of Periam or Tótkomlós it is clearly visible how younger generations can 
overwrite older ones, and practically wash away and rearrange previous channel forms. 
Another interesting geomorphological phenomenon is when the discharge of a river 
decreases and as a result the original large meanders are frilled by smaller, secondary 
bends (misfit phenomenon). Probably the best examples for this process can be found 
near Csanádalberti and Királyhegyes (Fig. 8).
Fig. 8. – page 49 
Fig. 9. – page 50
Discharge and hydrology
Based on the geometric parameters of meanders and the area of cross-sections, the cal-
culated discharge values varied in a wide range in the past. The largest cross-sections 
were found at the braided channels of Orosháza and Kövegy (Fig. 10). We suppose that 
when the river just filled these channels it could transport 2000–2500 m3 water per sec-
ond (Table 2. and 3.), however, during floods much higher amounts of water could be 
drained thhrough the channels of the ancient Maros/Mureş. Just for comparison, the 
present day bankfull discharge of the river at Makó is 600–700 m3/s, while during the 
record flood of 1970 its discharge was 2420 m3/s. It can be imagined what power the 
river could have in the past when it flowed in the direction of Orosháza, Kövegy or 
Pesac. This enormous amount of water was drained in relatively shallow (mean depth: 
2–3 m, maximum depth: 4–5 m) but 1–2 km wide channels, in which huge bars and 
islands, still detectable on the surface, could develop (Fig. 10).
Fig. 10. – page 51
In periods when the Maros/Mureş drained the water of the catchment through 
meandering channels the amount of transported water was presumably lower. Although 
meander parameters at some channel generations occasionally imply 1500–2000 m3/s 
discharges. However, on the basis of their cross-sectional area the same channels indi-
cate significantly lower discharges (Table 2. and 3.). The possible reason of disambiguity 
is that although the Maros/Mureş developed large meanders, the channels were shallow 
due to the large sediment load. Thus, depth was not as much as it could be expected 
on the basis of other meandering rivers, such as the present-day Tisza/Tisa. As a con-
sequence, these channels transported less water, than it was assumed on the basis of 
planform channel parameters. All these point to the necessity to use both methods for 
discharge reconstruction in the future.
Table. 2. – page 53 
Table. 3. – page 53 
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Based on the comparison of geophysical and sedimentological data, coarse bed-load 
sediments can be clearly recognised on the geoelectrical profiles (Fig. 11). Therefore, 
geophysical measurements can be applied more widely in the future for determining 
past channel cross-sections and discharges.
On the basis of discharge and slope data, the mean velocity of the river could be as 
much as 1 m/s in case of certain braided channels. This means that the Maros/Mureş 
could have a considerable stream power. However, the so-called specific stream power, 
exerted on a unit surface of the channel, was close to the values of the present day 
Maros/Mureş at Makó (Table 3).
By investigating the grain size distribution of sandy, silty, sometimes fine gravel sized 
channel sediments the conditions of sediment transport were also reconstructed. At 
sites close to the proximal part of the alluvial fan, such as Horia and Pesac, bed load 
transport was dominant and highly turbulent flows were characteristic. Towards the 
west the turbulent character of the flow decreased and thus channel sediments became 
more and more sorted. Parallel to this the electric resistance of sediments decreases 
significantly towards the edge of the alluvial fan. Resistance, as it was mentioned before 
is in a strong relationship with mean grain size (Fig. 12).
Fig. 11. – page 54 
Fig. 12. – page 55 
The development of the alluvial fan the key information for the reconstruction of 
alluvial fan development was provided by the OSL dating of sediments. By the means of 
the measured ages the variation in morphology and discharge could be evaluated from 
a historical perspective, and the development of the alluvial fan could be interpreted in 
the context of past climatic changes. The results of the OSL measurements can be seen 
in Table 4, however, Fig. 13 showing not just OSL ages but the palaeochannels of the 
alluvial fan is more informative.
Table 4. – page 56 
In the past nearly 20 thousand years the Maros/Mureş frequently changed its course 
on its vast alluvial fan. From the investigated channel generations the Battonya–Mező-
kovácsháza–Makó palaeochannel proved to be the oldest, its meanders started to 
develop ca. 17–18 thousand years ago (Table 4 and Fig. 13). At this time, in the grasp 
of the last Ice Age the climate was very cold and dry in Europe and in the region as 
well, and the vegetation was also scarce. During this period (Older Dryas) glaciers 
were advancing in the elevated regions of the Southern and Eastern Carpathians. They 
reached their maximum extension 16–17 thousand years ago (Urdea et al. 2011). Con-
sequently, discharge data of meandering channels dated for this period on the alluvial 
fan are reflecting lower water supply compared to present day values (Table 2 and 3).
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The water of the Maros/Mureş found its way into this direction for 2–3 thousand 
years. Then, around 15–16 thousand years ago a braided channel arriving from the 
direction of Tótkomlós cleared away the meandering forms (Fig. 13). From time to time 
however the river revisited the abandoned Mezőkovácsháza meanders, and as a con-
sequence 11 thousand years ago the Száraz Ér/Er developed some much smaller bends 
within the original meanders (misfit phenomenon) (Fig. 13).
The Kunágota–Kövegy braided channel generation, erasing the meandering forms 
of the Mezőkovácskáza palaeochannels signed the beginning of a new period (Bölling 
Interstadial) around 15–16 thousand years ago (Nádor et al. 2005, Gábris és Nádor 
2007, Mezősi 2011). Climate became milder and lead to the intensive melting of glaciers 
on the upland catchment, while the amount of precipitation also increased consider-
ably. Floods arriving in consecutive pulses lead to the development of several braided 
and meandering palaeochannels of similar age being around 14–15 thousand years old 
(Table 4). These were draining the water of the Maros/Mureş towards the Tisza through 
the Medgyes egyháza–Pusztaföldvár–Békéssámson, Kétegyháza–Nagyszénás and 
Kétegy háza–Csabacsűd corridors (Fig. 13). These channel generations on their upper 
sections were braided, while near the edge of the alluvial fan they left behind meander-
ing channels. The development of the seemingly older braided sections was probably 
facilitated by the fact that during the transition from the cold and dry Older Dryas, 
vegetation was probably scarce and could not stabilise entirely the channel banks. Large 
meanders, such as those near Csabacsűd might have appeared a little later by the expan-
sion of a denser vegetation regime (Sümegi et al. 2002). Based on the age data, it is not 
obvious whether this period was characterised by quick channel changes or the identi-
fied channel generations were functioning simultaneously. Anyhow, the bankfull dis-
charge of the Kunágota-Kövegy channel was nearly 2000 m3/s, while those going north-
wards from the direction of Kétegyháza drained 1000 m3/s water individually (Table 
2 and 3). This way the river could presumably have two or three main channels in this 
period.
Fig. 13. – page 59 
The Medgyesegyháza–Orosháza braided channel generation, having the largest 
channels on the alluvial fan, can be clearly separated in time from the above systems 
(Table 4 and Fig. 13). It could be the main channel of the Maros/Mureş around 10–12 
thousand years ago. The development of this system, draining 2500–2800 m3/s water 
easily, can also be related to a cooling event and subsequent warming. Based on ear-
lier research, around 12–13 thousand years ago ice was advancing again on the upland 
catchment (Reuther et al. 2007, Urdea et al. 2011). Following the so called Younger Dryas 
period intensive warming occurred which was dissected by several short term cooling 
phases. These conditions were highly favourable for the development of the enormous 
braided channels near Orosháza. Nevertheless, water was presumably drained through 
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older channels as well, which resulted e.g. the development of the already mentioned 
Mezőkovácsháza misfit meanders (Fig. 13).
Although in the past 10–11 thousand years the Holocene period brought a relatively 
stable climate in Europe (Járainé Komlódi 1969), temperature and precipitation could 
still fluctuate from time to time. The next chapter in the development of the alluvial 
fan started 7–8 thousand years ago. After entering the lowlands the Maros/Mureş first 
flowed in a north-west direction, but then suddenly shifted towards south-southwest 
and passed south of the Battonya High (Fig. 13). The sudden channel shift, termed as 
avulsion might have been caused by intensive sediment accumulation on the northern 
half of the alluvial fan. The translation of the direction of flow is indicated by mean-
dering channels near Horia–Zimandcuz–Arad and a more significant braided channel 
situated on the Periam–Lovrin line (Fig. 13). These channel generations had a similar 
age, however, their pattern and morphology was very different. In this period (Holo-
cene, Atlantic Phase) the formation of braided channels could be explained by increased 
precipitation and discharge (2000 m3/s at Lovrin). However, by this time the area is 
assumed to be covered by forests, making river banks more stable, which is unfavour-
able from the aspect of the development of braided forms. Further research is necessary 
to resolve the discrepancy above.
The Periam–Lovrin channel was active for only a short time. 6 thousand years ago 
the Maros/Mureş found its present course from East to West along the axis of the allu-
vial fan (Cornea et al. 1979), occupying several smaller meandering channels on the 
 Sanpetru German–Sannicolau Mare line. The discharge of the fluvial system decreased 
by this time, however, based on certain meanders, bankfull discharges could be over 
1000 m3/s (Table 2).
The Maros/Mureş occupied finally its present channel 4–5 thousand years ago. 
Although the river had a natural outlet to the Aranka system towards the south until the 
river regulations of the 19th c., most of the water has been drained since then (Fig. 13).
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Conclusions
In this section we have investigated the past dynamics of the Maros/Mureş River. 
By the help of the above presented complex research the key events of the evolution 
of River Maros/Mureş could be reconstructed for the past 18–20 thousand years. 
Our general conclusions are the following:
•	 Numerous abandoned channel generations could be identified on the surface of 
the alluvial fan, resembling a considerable fluvial activity.
•	 In case of meandering channels past discharge values could be determined using 
planimetric parameters, however, in case of braided channels geophysical and 
sedimentological methods were necessary to reconstruct cross-sections and dis-
charges. The two approaches need to be applied together in the future.
•	 Channel generations near Orosháza, Kövegy and Pesac could transfer bankfull 
discharges between 2000–2500 m3/s. However during floods significantly higher 
amount of water could arrive from the catchment.
•	 The formation period of the different channel generations could be successfully 
resolved using optically stimulated luminescence (OSL). Results have shown that 
the river was developing much dynamically than it was previously expected.
•	 Major changes in fluvial processes occurred 15-16, 11-12 and 7–8 thousand years 
ago. These events occurred when the climate started to warm up after cold peri-
ods. Severe floods developed as a matter of increasing rainfall and intensive melt-
ing of glaciers on the upland catchment.
All this highlights how dynamically the river responded to ever changing geomor-
phological and environmental conditions. It could also be seen how significant 
changes could occur in the climate of the region in a few thousand years, leading to 
great differences in the amount of water drained, the power and destructive force 
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 R iver Maros/Mureş has been active not only in the past, but it is still one of the most dynamically changing rivers of the Carpathian Basin. No wonder, since it has a huge sediment load, its slope is relatively high and floods are fierce even on 
its lowland sections. The Maros/Mureş is one of the most important natural resources 
of the region. Its water maintains natural habitats and agriculture, the gravel and sand 
extracted from its channel are important building materials, furthermore, it has got 
outstanding natural values. People have always intended to make an economic use of 
the river, but usually have not considered the long term consequences. This happened 
during the regulations in the 19th century and currently as well, when the river is sub-
jected to intensive mining (Fig. 1).
What factors do determine the recent development of the river? How has it 
responded to the different human interventions? What changes characterise its channel 
in the short and long runs? In this phase of the research we were mainly looking for the 
answers of these questions. The investigations were focused on the 175 km long lowland 
reach of the river. However, at four representative sections channel development was 
monitored by regular surveys. Based on our research results, expectable future changes 
and key points of intervention can be determined to support sustainable river manage-
ment. Besides, the fundaments of a multi-stage, long-term monitoring activity were laid 
down, which can provide further data for management and planning.
Fig. 1. – page 66 
Methods
The most straightforward way to monitor river evolution and river response to human 
interventions is to analyse maps and aerial photographs. Sometimes the spatial and 
temporal resolution of these data sources is not adequate to reconstruct changes in 
detail, but they are definitely suitable for studying longer term tendencies (Laczay 1982, 
Hooke 1995, Lóczy et al. 2012).
The ever changing river
György Sipos, Tamás Právetz, Orsolya Katona, Florina Ardelean, Fabian Timofte, 
Alexandru Onaca, Tímea Kiss, Ferenc Kovács, Zalán Tobak
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With the help of maps, aerial photographs and satellite images the history of the 
Maros/Mureş channel could be investigated in the perspective of 180 years. We aimed 
to collect all available data sources from each date possible (Table 1). The earliest maps 
which could be used for partial reconstruction date back to 1829. However, the maps of 
the  Second Military Survey, made in the 1860s, were chosen to be the uniform starting 
point. These maps have several advantages: they are fairly precise, pre-regulation mean-
ders can be identified on them easily and they are available for the whole Lipova–Szeged 
section. Unfortunately, concerning further data sources only the latest satellite images 
from 2005 and 2006 are accessible also for the entire section. In many cases maps are 
not detailed enough for precise analysis, and measurements can be better done by using 
aerial photos and satellite images (Sipos 2006). The earliest available aerial photos for 
the Romanian section are from 2005, however, the common border section and the 
Hungarian section has been photographed in every decade from 1950. Thus, the most 
detailed evaluations were carried out mainly on these sections (Fig. 2). Nevertheless, 
there were so intensive changes on the Romanian section in the last 50 years that less 
detailed maps were still adequate for the analysis.
Finally, data sources were available from 6 and 13 dates for the Romanian and 
 Hungarian sections, respectively (Table 1). Data were integrated into a uniform geo-
informatical system, i.e. maps and photos were georeferenced. During the analysis the 
changes of bank line, centre line, channel width and the area of islands were investigated. 
By the help of these measurements it is possible to reveal the dynamics of the river at dif-
ferent sections, and conclusions can be drawn in terms of the direction of future changes.
Fig. 2. – page 69 
Table 1. – page 71 
The geocorrection of the aerial photos and satellite images were made by ERDAS Imagine 8.6 
and ArcGIS 9.3 softwares. Topographical maps from the early 1980s were applied as refer-
ence maps on both the Romanian and Hungarian sections. The maps were of 1:25 000 and a 
1:10 000 scale, respectively (Fig. 2). Aerial photos and all historical maps were geocorrected 
to these map series. The precision of certain data sources (Table 1) were calculated by the 
deviation of well-identifiable fix points, on both the base maps and the other data sources 
(e.g. road intersections, corners of buildings). 
As a next step key features were vectorised by using ArcView 3.2 and ArcGIS 9.3 soft-
wares. Data were then transformed into the same projection system (UTM34) for enabling 
the joint analysis and management of Romanian and Hungarian data. River development 
could be assessed by overlaying these layers and quantifying differences.
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People living near the Maros/Mureş know quite well that the channel of the river 
changes rapidly. Sand bars emerge at different locations year-by-year and their form is 
also changing. The reasons for such dynamic processes are the significant amount of 
sediment and the vast energy of the river (Fiala et al. 2007, Sipos et al. 2008).
The bedload of the river, composed of sand and fine gravel, is a widely renowned 
building material in the region, and used extensively in both countries. The supply is 
seemingly continuous: pits created during the extraction of the sediment are filled up 
quickly during the next flood. It is a question however, how much sediment can be 
removed from the channel without further consequences, and what changes can be 
induced by the visible overexploitation? The answer to these questions is not simple; it 
requires the continuous surveying of the river channel and the monitoring of the sedi-
ment load. These conditions are not met in case of the Maros/Mureş, that is why we 
consider the investigations below very important.
The most intensive quarrying activity on the lowland section of the river is apparent 
just upstream of Arad (Fig. 1). The location of study sites (Lipova–Arad–Pecica–Apát-
falva) were chosen in order to be able to assess channel processes and changes of the 
annual sediment budget upstream and downstream of the mining activity (Fig. 3). The 
length of each site was around 2 km, they were similar in having a wide and shallow so 
called riffle section and two adjacent deeper, pool sections upstream and downstream 
(Fig. 4). The surveys were made with the help of professionals and equipments of the 
Lower-Tisza Water Directorate. During the project time 4 measurement campaigns 
could be carried out, at Apátfalva further two surveys were made. The mapping of the 
channel was made either by motorboat or by wading but always along the same cross 
sections to ensure the comparability of data and results.
Using the above method only the annual changes of the sediment household, or 
changes related to one flood event can be assessed. The estimation of short term sedi-
ment transport requires a different approach. Traditionally, measurements are made 
with sediment traps placed on the surface of the riverbed (Kiss et al. 2008). In the pre-
sent research an attempt was made to monitor short-term sediment transport by per-
forming frequent cross-sectional surveys. The investigations were made at the Makó 
gauging station along a fixed steel wire, occasionally in 5 minute intervals  (Fig. 5).
Fig. 3. – page 73 
Fig. 4. – page 74 
Fig. 5. – page 75 
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The spacing of cross-sections at the study sites was in average 40 m, i.e. less than the half 
of the width of the river (100–150 m) (Fig. 4). Longitudinal sections were also measured 
during the investigations. The route of the first survey was folllowed during further 
measurements, tracking was accomplished using a Trimble Juno GPS, having a 2–5 m 
accuracy. Measurements were made both at high water (June 2011 and 2012) and at low 
water (September 2011 and October 2012). During high water surveys mapping was made 
with the help of a motorboat and using an ADCP RioGrande current meter and a river bed 
profiler (Fig. 6). The operational characteristics of ADCP is described in detail by Goda and 
Krikovszky (2002). The exact measurement track and the absolute height of the water level 
were recorded by a Topcon Hyper Pro differential GPS having a cm range accuracy in both 
horizontal and vertical terms. At low water, however, sand bars emerged and parts of the 
river bed got over the water level. These areas were surveyed by a Sokkia Set650rx total 
station, the exact position and altitude of which was also determined by the differential GPS, 
thus measurements on water and dryland could be coupled (Fig. 6).
Since the investigations were carried out on both Romanian and Hungarian river sections, 
the GPS data were uniformly transformed to UTM, while height values were determined 
with reference to the WGS 84 ellipsoid. From the surveyed data digital elevation models 
(DEM) were made by using software ArcGIS 9.3. Interpolation was made by kriging at a 
spatial resolution of 2 m. DEMs were then subtracted to determine the amount of volume 
change. During the analysis survey to survey change, i.e. net sediment volume difference, 
aand the sum of erosion and accumulation, i.e. total or absolute sediment volume difference 
were calculated and normalised to 1 river kilometer. In order to determine the amount of the 
total error related to different measurement equipments, GPS tracking and digital terrain 
modelling a 500 m river section was measured twice within a few hours at low water. Based 
on the comparison, approximatelly 1000 m3 measurement error was estimated for a one km 
section.
The measurement of short term bedload transport was carried out at the Makó gauging 
station by the help of a GSSI ground penetrating radar equipped with a 200 MHz antenna 
and an ADCP StreamPro, both mounted on a plastic boat (Fig. 5 and 6). The entire cross 
section was surveyed in every 30 minutes, while the 30 m wide thalweg was assessed in 10 
minute intervals. The ground penetrating radar enabled high accuracy measurements, from 
which the changes in cross sectional area could be precisely calculated. With the help of 
the ADCP the movement of river bottom could also be measured. The amount of bedload 
moving through the cross-section in unit time was estimated by combining these two meth-
ods. The measurements, however, need to be calibrated by traditional sediment traps in the 
future. 




In its pre-regulation state the lowland section of the Maros/Mureş could be divided into 
10 units on the basis of flow-direction and the degree of meandering. These units had 
different channel pattern and dynamics (Fig. 7). On the 175 km lowland reach 5 very 
active sections, affected by sudden slope change, can be identified. This can be impor-
tant from the aspect that on these areas increased channel dynamics can be suspected 
at present and also in the future. 
The first very active section could be identified between Pauliş and Mândruloc. 
Bifurcating channels, sand bars and islands marked the border of the upland and low-
land zones, where the slope of the river decreased suddenly (Fig. 7).
Between Mândruloc and Arad the river developed mild bends indicating lower slope 
and less energy. Going downstream, mature meanders appeared again, some of them 
were asymmetric and over-developed, signing  slope change and the eastern edge of the 
Battonya High (Fig. 7). A little more downstream, between Zădăreni and Pecica, evenly 
spaced, stable and well developed bends appeared.
The third very active section can be found downstream of Pecica (Fig. 7), here mean-
ders were congested and signed the western edge of the uplift zone. The river com-
pensated slope increase by growing large meanders. Between Semlac and Nădlac the 
Maros/Mureş changed its direction and followed a fault line (Laczay 1975). Mostly 
braided features could be identified here, bends were slightly developed and the river 
course was fairly stable. The same was true for the Nădlac–Cenad section, but bends 
were more mature. 
The fourth section with increased energy and activity could be identified between 
Cenad and Makó (Fig. 7). This zone developed as that the river reached the edge of its 
alluvial fan, where slope and energy increased again. Forms were similar to those near 
Pauliş and Mandruloc. Downstream of Makó, well developed mature bends were char-
acteristic, but near the estuary several distorted meanders could be identified. These 
developed as a matter of very moderate slope conditions (Fig. 7).
Fig. 7. – page 79 
Concerning the Semlac–Szeged section we found that on the basis of 1829 and 1865 
maps the difference in the values of certain horizontal parameters reached as much as 
8–10%, due to natural cut-offs and meander development (Sipos 2006). This can be 
taken as the natural variability of the river in the investigated 30–40 year time span.
Forms and processes were significantly changed however by river regulations in the 
19th century. Channel slope and energy increased considerably, which lead to erosion 
and channel widening at several locations (Török 1977). Sections which were stabilised 
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later in the 20th century by revetments, such as reaches downstream of Lipova, near 
Arad, Pecica, and downstream of Makó have changed only a little in the past 50 years. 
However, there were some sections which faced considerable changes after the regula-
tions. Especially those areas developed dynamically where banks were not stabilised 
and channel activity was high before the regulations as well (Fig. 8).
Fig. 8. – page 80
A very good example for accelerated change is the section between Păuliş and 
 Mândruloc (Fig. 8). On this section cut-offs and regulation resulted a considerable, 
30% loss in river length (from 25.5 km to 18.6 km). The Maros/Mureş gave a sensitive 
answer to human intervention and started to develop new meanders, first at a higher 
pace, then by the 1980s the process slowed down (Fig. 8). In the past 30 years the rate of 
change doubled, and between 1980 and 2006 the length of the Păuliş–Mândruloc reach 
increased from 20.9 to 23.1 km, equalling a nearly 100 m annual length growth. The 
acceleration of meander development can clearly be related to intensive in channel min-
ing and consequently increasing bank erosion. At certain sections artificial diversion 
also contributed to length increase. The present length of the river has not reached pre-
regulation values, thus further erosion can be suspected in the future, which can mostly 
endanger the village of Mândruloc.
Increased fluvial activity could be identified on the Pecica–Semlac section as well 
(Fig. 9), however here the most dramatic changes occurred rather between the regu-
lations and the 1950s. In its natural state the section was 29.1 km, then its length 
was reduced by more than 50% to 13.9 km. Meander formation started here as well, 
but mostly downstream of Pecica where the river was less controlled (Fig. 9). By the 
1950s river length grew to 19.3 km, which meant more than a 100 m annual length 
increase. Since then changes only affected the reactivating meandering zone, where one 
of the meanders by now is close to a natural cut-off (Fig. 9). Compared to the Păuliş– 
Mândruloc section the effect of gravel and sand extraction is much less visible, i.e. cut 
bank erosion was less vigorous here in the past 30–40 years.
Concerning the entire Romanian section a general river length increase can be 
detected since the regulations in the 19th century. This is due to the natural response 
of the river, attempting to return to its original pattern and morphology. Other param-
eters, such as river width and extension of mid channel islands also showed significant 
changes, but these will be more precisely shown in case of the third unit introduced: the 
border section between Romania and Hungary.
Fig. 9. – page 82
The 22 km long border section has a unique history, as from the time of its regulation 
in the 19th century it has just slightly been affected by human intervention. It is therefore 
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a good indicator of hydrological and morphological changes determined by both natu-
ral and artificial processes (Fig. 10). In its natural state, this section had a meandering, 
anastomosing pattern, the total length of the main channel was 40,5 km, which was 
reduced to 23,8 km by the regulations. As opposed to the previous sites river length 
hardly increased since then, though this section was untouched and could develop 
almost freely. Slight meander development could only be detected on the originally 
meandering, highly stable section between Nagylak and Čenad (Fig. 11).
Why did meanders not start to develop on the previously meandering and anasto-
mosing reach near Apátfalva in the past 150 years? The reason is that river pattern and 
probably sediment dynamics were changed so dramatically, that Maros/Mureş reached 
a new equilibrium state (Sipos and Kiss 2007). This state is characterised by braided fea-
tures, such as a wide and shallow channel, and actively changing mid-channel sand bars 
and islands, which greatly contribute to the stability of present day energy conditions 
of the river. The dynamics of braided features were investigated in more detail with the 
help of aerial photographs from each decade since 1950.
Fig. 10. – page 84
Fig. 11. – page 85
Based on our present and previous investigations (Sipos and Kiss 2003, Kiss and 
Sipos 2009), we found that the formation of islands in the channel is a compound pro-
cess. The core of vegetated islands develop when high rising bar surfaces, formed dur-
ing major floods, are colonised by poplar and willow seedlings. The final stabilisation of 
bar surfaces can occur if long lasting low and medium water periods follow colonisation 
and seedlings can grow. This way the form will be resistant to further floods (Fig. 12). 
In general approximately 4–5 years pass between the colonisation and the stabilisation 
of islands (Sipos 2006).
The stabilised forms, however, will develop further fairly dynamically. They can 
migrate in the channel as their upstream end is eroded and their downstream end is 
built further, as the island generates further sediment deposition at its lower end (Fig. 
12). The migration of islands can be as much as 10 m/year in average.
Fig. 12. – page 86
Growing islands in the end can be attached to the banks when their side channels are 
silted up (Fig. 11). This process is important in influencing the hydraulics of the main 
channel and generates bank erosion and further island formation. These phenomena 
can be understood as part of a cyclic evolution in which there are phases of island initia-
tion, migration and assimilation (Fig. 13). Cyclic changes are mostly related to 1–2 km 
reaches where the river is extremely wide: 200–250 m from bank to bank (Sipos et al. 
2007). These widened units are called braids, and have a key role to preserve the longer 
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term stability of the river reach, since braids are dissipating a large part of the river’s 
energy, which anyway would be used for meander formation (Sipos and Kiss 2004, Kiss 
and Sipos 2007).
Fig. 13. – page 87
As a consequence of the above, the number and extension of islands and the width 
change of braided units is a good indicator of river stability (Sipos et al. 2007). Our aerial 
photo based analysis has shown that on the border section between Nădlac and Makó 
the number of mid-channel islands decreased from 26 to 21, while their average area 
increased significantly from 0.5 ha to 1.2 ha in the past 60 years. This is due to the low 
water, low energy periods of the 1990s and 2000s, enabling the colonisation of emerging 
bar surfaces. In the meantime an overall channel narrowing can also be detected, which 
affects mostly braided units (Fig. 14). On the border section average width decreased 
from 180 to 156 m between 1953 and 2006 which is more than a 10% narrowing.
Fig. 14. – page 88
Table 2. – page 89
In case of the Pecica–Nădlac section narrowing was also detectable, here average 
width decreased from 170 m to 165 m between 1980 and 2006 (Table 2). Similarly, the 
number of active islands also decreased. These processes are apparent thus on the entire 
lowland reach of the Maros/Mureş, of course with the exception of areas where mining 
is  present.
As a consequence we suggest that the role of island systems and braids is constantly 
diminishing in controlling the energy conditions of the river. This can lead to acceler-
ated erosion processes and finally a return to the original form and pattern at sections 
where the river can develop freely (e.g. the Nădlac–Apátfalva section). Nevertheless, 
based on the rate of changes detected, we can assume that these processes can lead to a 
significant rearrangement only in the long run.
As it was shown, the trend of changes is similar, however, their rate is variable at dif-
ferent sections of the river. Mostly those units are developing actively, where tectonic 
processes are apparent. However, less rapid changes on more stable sections may also 
lead to unwanted erosion at river control structures or other human infrastructures 
(e.g. the Pecica bridge) and the loss of some natural values. Therefore, in the long run 
there is an increasing strong need for monitoring changes, in order to develop the best 
strategy for preserving both river stability (lack of erosion) and natural values (islands 
and braid systems).
In the framework of the present project we generated therefore a uniform GIS sys-
tem from all available Romanian and Hungarian map and image resources. This data-
base will serve as a reference for the further monitoring of future river  development.
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Short term channel development
As it was mentioned before, River Maros/Mureş transports a huge amount of bedload. 
Sediment movement in the form of dunes and bars has a key role in sustaining the sta-
bility and the morphology of the river, since a portion of the energy of the flowing water 
is used for the transportation and reallocation of these forms. Besides, the sandy gravely 
bedload, being a first class construction material, is one of the most important natural 
resources in the region. These were the most important reasons why we investigated 
the sediment household and sediment budget of the Maros/Mureş at different sections.
The first survey site was located just upstream of the main quarrying activity, near 
Lipova (Fig. 3). On this section the slope of the river, determining its energy and sedi-
ment transporting capacity, is around 20 cm/km. The riverbed is mainly composed of 
gravel, subordinately sand and silt are also present. 
At this site the architecture of the riverbed has hardly changed between the measure-
ment campaigns. Significant bed load pulses could be detected (Fig. 15). Over the four 
measurement campaigns the net variation in sediment quantity was minimal and no 
overall erosion or accumulation could be detected (Table 3). Absolute changes, i.e. the 
quantity of sediment reworked in the form of bars, did not exceed 20 000 m3 per river 
kilometre (Table 3). This means that the amount of bed load entering the lowland sec-
tion of the Maros/Mureş river was probably not significant during the period of inves-
tigation.
Fig. 15. – page 92
Table 3. – page 93
Near Arad, downstream of the main mining activity, slightly greater changes were 
experienced. Due to its 20 cm/km slope the energy of the river remains relatively high 
at this section. The riverbed is mainly built up by consolidated gravel and clay. Erosional 
features, both lateral and vertical, are clearly identifiable. However, during the two years 
of our measurements no significant incision was detected, rather net accumulation was 
experienced (Table 4). This was mainly related to the continuous silting up of left behind 
quarrying pools (Fig. 16). Measurement to measurement absolute changes were higher 
than in case of Lipova and reached 30 000 m3 per river kilometre. However, no bedload 
pulses moving through the system were identified (Fig. 16). In all, the site did not expe-
rience significant changes, nevertheless the amount of the transported and reworked 
bedload is estimated to be higher than upstream. One reason can be increased sedi-
ment production due to the erosion of disrupted banks resulted by mining activity.
Fig. 16. – page 94
Table 4. – page 95
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At the Pecica site changes and riverbed dynamics were similar, although as a matter 
of decreasing water surface slope (10 cm/km) the energy of the Maros/Mures is lower. 
The reason for higher activity is that the river bed is composed of medium and coarse 
sand which can be reworked and transported by the river more easily. During the meas-
urement period the situation and dimension of sand bars did not change, morphology 
was more variable at the thalweg (Fig. 17). Concerning the sediment balance an insig-
nificant net accumulation was detected, being close to measurement error (Table 5). 
Absolute changes were little bit lower, than at Arad and were around 25 000 m3 per 
river kilometre (Table 5). Along the Pecica section, therefore, we experienced moderate 
channel dynamics and sediment transport.
Fig. 17. – page 96
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Going even more downstream channel changes became much more remarkable. 
At the last measurement site, near Apátfalva, water surface slope is around 15 cm/km 
while the river bed is composed of medium and coarse sand. As a consequence, the 
energy and sediment entrainment capacity are higher compared to the Pecica site. Nev-
ertheless, channel dynamics and morphological variability was far more significant, 
than expected on the basis of the sediment balance at upstream sites (Fig. 18). Large 
sediment pulses could be identified on the basis of successive surveys: sand bars shifted 
downstream, and new forms appeared in the channel (Fig. 18). All these mean that a 
large amount of bedload must have passed along this section. Based on the surveys, 
a massive net accumulation can be detected (Table 6), which is due to the development 
of a large sand bar during the high water season of 2012 (Fig. 18).
Absolute changes, i.e. the sum of erosion and accumulation reached 50 000–70 000 
m3 per river kilometre (Table 6), which is twice as much as in case of the other sur-
vey sites. This means that minimum 100 000–120 000 m3 of sand can be moved along 
the Apátfalva system annually. Naturally, at the thalweg, where sediment movement 
is continuous even at low waters, a significant amount of additional bed load can be 
transported. The question may arise: What can be the source of this increased sediment 
supply?
Fig. 18. – page 98
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As we have seen, where the Maros/Mureş enters the plains the sediment household 
is balanced and a moderate amount of material moves in the river bed at average floods 
and at low water. The large scale sediment extraction on the Pauliş–Măndruloc section 
results large artificial pools in the channel, which trap bed load arriving from upstream. 
By reaching Arad and Pecica only a slight, at Apátfalva an abrupt increase can be 
detected in the amount of the transported sediment. The later can only be explained 
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if the river, freed from its bed load artificially, produces a significant amount of addi-
tional sediment somewhere on the Pecica–Apátfalva reach. In this respect the actively 
developing meanders upstream of Semlac can have a key role (Fig. 3), since here by the 
erosion of the outer banks a significant amount of sediment can be introduced to the 
channel. Based on the above, it is obvious that the development of the river is greatly 
influenced by intensive sand extraction, resulting erosion at certain sections and conse-
quent accumulation on others.
Another question is, how the sediment supply of downstream reaches can change 
in the future? In order to determine if there is a decreasing trend in bedload volume 
further investigations are necessary. However, we can compare the present results at 
Apátfalva to our previous measurements (Kiss and Sipos 2007), since between 2003 and 
2005 this site was already surveyed along the same cross-sections like now. Based on 
earlier and present average depth values, normalised to the same water level, we can 
see that 2011–2012 depths are generally greater, i.e. the channel is seemingly incising. 
Though the trend is not obvious, as by the development of large sand bars lower values 
can also occur (Table 7). In all however, we can expect a decreasing trend in sediment 
supply even at Apátfalva in the long run, which can result a gradual incision and bank 
retreat as a matter of erosion.
Table 7. – page 100
The measurements started in this project must be continued in order to monitor the 
sediment household of the Maros/Mureş River. This is important not only because of 
economic reasons, but as we have seen earlier, channel sediments are crucial in main-
taining the morphological stability and the natural values of the river as well. As a mat-
ter of fact we will continue to survey the Lipova, Arad, Pecica and Apátfalva sites in the 
future, but from now on with a newly purchased sonar system.
With the help of the monitoring activity above only longer term changes and trends 
can be detected, the investigation of short term sediment movement requires more fre-
quent measurements. These can help to finally calculate the amount of bed load trans-
ported in the form of dunes. This would be crucial in controlling sediment extraction 
and in the sustainable management of resources. 
Therefore, as a part of the research we attempted to elaborate a survey procedure 
which allows high resolution and fast at-a-station (one cross-section) measurements. 
The tests were made at the Makó gauging station along a fix cable, using a georadar 
and an acoustic device. The surveys were made during a small flood wave (water level: 
120 cm) and at low stages (water elvel: -70 cm). During the flood we used only the geo-
radar for measurements, and an average 6 m2 change was experienced in the cross-sec-
tion in 30 minutes (Fig. 19). The movement of 10–20 cm high dunes was clearly identi-
fiable (Fig. 19). At low water not just the cross-sectional change but the velocity of the 
riverbed “movement” was also measured with the help of the acoustic device. This time 
we experienced an average 0.6 m2 change in 30 minutes in the total cross-section, and 
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a 0.2 m2 change in 10 minutes concerning the thalweg. The velocity of riverbed move-
ment was around 1.2 cm/s. Based on this we estimated a 20–25 m3 sediment delivery 
in one day. Results are therefore promising and indicate realistic values, however, the 
technique should be calibrated to classical sediment trap methods. 
Sediment discharge values definitely show a great fluctuation in response to water 
level and river energy. Therefore, in the future day-to-day measurements are planned 
at different water levels combining georadar and acoustic techniques. These tests will 
hopefully result a fast and effective way of sediment monitoring on River Maros/Mureş.
Fig. 19. – page 102
Conclusions
In this section we have introduced the results of our analysis on the evolution of 
the Maros/Mureş since the great regulation works of the 19th century. By using 
field measurement techniques we also attempted to investigate short term river 
bed dynamics and the sediment budget of the river at different sections. The most 
important conclusions of our work are the following:
•	 The pre-regulation course of the river on its lowland reach was greatly deter-
mined by tectonic processes. The most active sections developed where slope 
conditions changed significantly: at the entrance to the plains, near the Battonya 
High, at the rim of the alluvial fan and near the estuary.
•	 Following the regulations and the shortening of the river, incision and widening 
occurred. The Maros/Mureş responded to these changes in different ways.
•	 At previously active, tectonically affected sections the length of the river has 
grown considerably by the development of new bends. Here the river gave a 
robust answer to human interventions and returned to its original morphology 
in a short time.
•	 On the Cenad–Apátfalva section the river was more sensitive to interventions 
and a new equilibrium state developed with a much different pattern, than before. 
This section is a good indicator of changes in hydrological and morphological 
processes, since it has remained fairly intact since the regulations.
•	 The evolution of islands is a cyclic process controlled by hydrological regime of 
the river and colonising vegetation.
•	 In the past 30-50 years the number of islands and the average width of the river 
have been continuously decreasing on the lowland section. This means a slow but 
steady return to the original morphology and heralds an intensifying erosion on 
uncontrolled sections.
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•	 Channel and bedload dynamics upstream of the most intensive mining activity 
were moderate during the monitoring activity of the past 2 years, sediment pulses 
could not be identified.
•	 Downstream of the mining activity the bedload budget varied more intensively 
since more sediment is produced by the river as a matter of erosion induced by 
mining.
•	 The greatest changes were realised on the border section, where significant bed-
load pulses were detected, suggesting an increased sediment discharge, which is 
explained by erosion on upstream sections. 
•	 Longer term investigations of the sediment budget at Apátfalva indicate, however, 
that there is a decreasing sediment supply from upstream.
These changes underline the secondary effects of human interventions on the 
development of the river and the possibility of intensifying channel processes in the 
future. However, the investigations and results outlined above can serve as a good 
start to follow channel changes along the lowland reach of the river. We laid down 
the framework of three monitoring activities to detect the horizontal development, 
sediment household and short term sediment delivery of the river. These meas-
urements and results can highly contribute to the sustainable management of the 
Maros/Mureş. We do hope besides that in spite of the changing environment and 
conditions expected in the future the river’s hydrological, ecological and economic 
resources can be maintained by the joint efforts of the two neighbouring countries.
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T he future evolution of the Maros/Mureş is determined basically by the amount of water drained and the volume of sediment transported by the river. It has been shown earlier how dynamically the river was changing in the past 20 000 years 
when it was wandering around on its alluvial fan. Its evolution was primarily deter-
mined by the long and short term variation of climate (temperature and precipitation). 
Meanwhile, we have also seen that the fluvial system is still very active and it is sensitive 
to external impacts. From among these forcing factors climate change, getting more 
and more obvious, and human interventions do have a key role. In the near future these 
issues will greatly determine both flood and low water discharges and the intensity of 
channel development.
When addressing the future of the Maros/Mureş the major questions were: How will 
climate change on the catchment during the 21st century? Can these variations influ-
ence the regime of the river and the total annual volume of water drained? The tenden-
cies of future changes were explored by using regional climate models. Nevertheless, 
the calculation of direct changes related to river evolution and runoff is going to be the 
task of the near future. 
Nowadays the warming of the global climate system is becoming increasingly obvi-
ous. A large number of investigations have demonstrated that the actual changes of the 
temperature and precipitation will have significant effects on all factors of the environ-
ment, and can also alter the rate of the geomorphologic processes (Dikau and Schrott 
1999). In the past decades climate extremities have become more and more pronounced 
also in the Carpathian Basin. The models predict a continuous, but uneven temperature 
rise, with the most intense increase occurring in the summer months. The change in 
total annual precipitation in the models is not significant; however, the temporal distri-
bution is expected to become more uneven: decreasing summer and increasing winter 
precipitation (Bartholy et al. 2008, Szabó et al. 2011, Csorba et al. 2012). Climate simu-
lations do also emphasize that extreme weather events may occur more frequently in 
the next century. This will be especially true for drought periods which will be longer 
and more severe than before (Szépszó et al. 2008).
Climatic perspectives
Viktória Blanka, Gábor Mezősi, György Sipos, Boudewijn van Leeuwen,  
Petru Urdea, Alexandru Onaca
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Before investigating possible changes, let’s see the present and near past features of 
the climate on the Maros/Mureş catchment. In general we can say that the area is domi-
nated by westerly airflows, though from time to time the effect Eastern-European and 
Mediterranean air masses are also significant (Csoma 1975)
The annual mean temperature on the catchment is between 4–11 °C, though there is 
a great territorial variation, determined primarily by the topography. As a general rule 
the value of the mean annual temperature is increasing continuously in an east-west 
direction, though the source area of the Arieş is the coldest. In the Giurgeu Mountains 
the mean annual temperature in the 20th c. has been 4–6 °C, in the Transylvanian Basin 
8–9 °C, west of the Arad–Oradea line it has been just above 10 °C, while southwest of 
the Nadlac–Szeged line it has been above 11 °C (Csoma 1975, Andó 2002).
70–80% of the water drained by the river is originating from precipitation (Andó 
1993, 2002). Still, there is no close relation between floods and the temporal distribu-
tion of precipitation (Andó 2002), as the greatest floods are initiated by the melting of 
snow, accumulating in the winter period. The spatial distribution of precipitation shows 
a great variation. At the source of the river annual values are around 600 mm, going 
downstream this amount can double on the western slopes of the Gurghiu Mountains, 
but reaching the closed Transylvanina basin it falls back to 600 mm again. It increases 
again in the region of the Sebeş and Retezat Mountains. West of Lipova precipitation 
decreases continuously (Csoma 1975). 
Methods
The most up-to date and accepted method to describe and quantify the processes 
related to climate change, is the application of climate models. Climatic changes con-
cerning the entire Earth are best predicted by global numerical models. These incorpo-
rate the most important processes and relationships acting in and between the major 
elements of the Earth system (atmosphere, oceans, continents, ice sheets, biosphere, 
society). The horizontal resolution of global models, however, is only around 100 km, 
which does not provide adequate information for performing smaller scale,  regional 
analyses (Szépszó and Zsebeházi 2011).
For the investigation of smaller areas, such as countries or a drainage basin of a river, 
the so called regional climate models can be applied. The resolution of these is much 
better than that of global models, since input data are more detailed and smaller scale 
relationships can be considered. As a consequence, atmospheric processes and surface 
changes can be predicted more precisely for a given area (van der Linden and Mitchell 
2009, Szabó et al. 2011). Large, Earth scale processes are incorporated to the regional 
models on the basis of a chosen global model, the data of which will later also determine 
the possible end values of the regional forecast (Giorgi and Bates 1989, Giorgi 1990).
The projection of climate processes to the future includes several uncertainties. These 
are caused by the natural oscillation of the climatic system, the complicated relationships 
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between environmental elements, the limitations concerning the resolution of input data 
and the hardly predictable social-economic processes (Cubasch et al. 2001,  Hawkins 
and Sutton 2009). From among the factors above mankind can affect mostly social-eco-
nomic processes, and most of all, these factors can significantly determine the rate of 
climate change. As the exact direction of social and economic development cannot be 
precisely foreseen, the Intergovernmental Panel of Climate Change (IPCC) elaborated 
more, exactly six, scenarios for future change. These scenarios presume different degree 
green house gas emissions (carbon dioxide, methane, etc.) on the basis of several factors, 
but primarily considering the changes in human population and energy consumption. 
Forecasted emission data then determine fundamentally the output values of the differ-
ent models. Scenarios can be described as optimistic, pessimistic or intermediate (Fig. 1).
Fig. 1. – page 112
For the purposes of estimating future climatic processes on the Maros/Mureş catch-
ment, two regional models were applied (ALADIN and REMO). Both models work with 
the A1B scenario, which assumes a moderate increase in the emission of greenhouse 
gases and an average degree of global warming (Fig. 1). For making comparisons, tem-
perature and precipitation data were investigated. Expected changes were examined for 
those periods of the year which are the most important in terms of floods and low water 
periods. At present our aim was to demonstrate the tendency of changes, but later on the 
basis of these data further models can be generated in terms of runoff and water balance.
Several climate models comprise the territory of the Carpathian Basin, these are the 
 ALADIN, the REMO, the PRECS and the RegCM (Szépszó et al. 2008). When analysing the 
Maros/Mureş catchment, the change of climatic parameters was calculated on the basis of 
the French ALADIN (www.cnrm.meteo.fr/aladin) and the German REMO (www.remo-rcm.
de) models, since these models are based on the A1B scenario, which is an intermediate type 
of social-economic models on the future. Concerning population numbers the A1B scenario 
assumes an increase till the middle of the century and a decrease later, besides, it foresees a 
fast economic growth, the quick spread of new and more efficient technologies and a balance 
between the use of fossil and renewable energy sources (IPCC 2007).
The horizontal resolution of the applied model data is approximately 25 km. The mod-
els were ran by the Numerical Modelling and Climate Dynamics Division of the Hungarian 
Meteorological Survey. The models provide daily temperature and precipitation data for the 
2021–2050 and the 2071–2100 periods. Results are given as the difference from the daily 
average values of the 1961–1990 reference period. From the daily data series average val-
ues were calculated for those months which are important in terms of the hydrology of the 
Maros/Mureş. Values were calculated for the grid points, interpolation between points was 
made by using kriging.
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Results
Warmer winters with slightly more precipitation
Compared to the reference values both models predict an average 1.3–1.4 °C temper-
ature increase for the 2021–2050 period in the winter months (Fig. 2). However, in a 
longer perspective the models forecast somehow different values. According to the 
REMO the rise of mean temperature can be as much as 3.9 °C for 2071–2100, which is 
a substantial increase. The ALADIN predicts a little lower increase, being around 2.1 °C 
(Fig. 2). However, even if we take the more optimistic version a significant warming can 
be expected on the entire catchment. If we take a look at Fig. 2, in the first modelling 
period temperature rise seems to be uniform on the catchment. However, later the East-
ern Carpathian tributaries and the lowland section of the river can be more affected.
Concerning the entire catchment, average precipitation values calculated by the 
two models are very different. According to the ALADIN, practically no change can 
be expected, while the REMO predicts a 22 mm increase for 2021–2050 and 34 mm 
for 2071–2100 (Fig. 3). Average values though hide some regional differences. Both 
models agree that there can be a notable increase in precipitation in the area of the 
Giurgeu Mountains, while only a slight increase (REMO) or even a substantial decrease 
( ALADIN) can be expected in the west (Fig. 3).
Based on the above, it seems well supported that due to general warming the aver-
age snow reserve will decrease on most of the sub-catchments. Nevertheless, at higher 
altitudes in the Eastern Carpathians the snow reserves might be higher than earlier as 
a matter of precipitation increase. It remains a question however, how torrent these 
floods can be in the future, as this is mostly determined by the intensity of snow melt.
Fig. 2. – page 114
Fig. 3. – page 115
Warmer springs, uncertain change in early summer precipitation
March and April temperature is very important from the aspect of snow melt and there-
fore the development of floods. Based on the models, a general temperature increase can 
be expected (Fig. 4). For the first period (2021–2050) an average 1.1–1.5 °C growth is sug-
gested. By the second period (2071–2010) this value can be as much as 2.4 °C (REMO) 
or 3.1 °C (ALADIN). Warming up can be more intensive in the Transylvanian Basin and 
on the lowlands, however the Eastern catchment can also face an approximately 1.0 °C 
later a 2.0 °C temperature increase in the spring period during the 21st century (Fig. 4). 
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These changes suggest that in an average year early spring snowmelt can be faster in 
the upland catchment. This does not necessarily mean greater floods, because we have 
seen the total snow reserve can be slightly lower. Nevertheless, in years of higher winter 
precipitation the chance of the development of extreme floods can increase.
Fig. 4. – page 116
Based on previous observations, the second potential flood of the year can occur as a 
consequence of May and June rainfalls (Andó 2002). Model predictions are ambiguous 
in this respect (Fig. 5). According to average data calculated for the entire catchment, 
the REMO forecasts an insignificant change for the 2021–2050 period, and a substantial 
50 mm decrease for 2071–2100. On the other hand ALADIN predicts an approximately 
30 mm increase for the first period, and just a minor increase for the second (Fig. 5). 
The pattern of change is also different. According to the ALADIN model, the most sig-
nificant increase can be expected in the middle of the drainage basin. On the contrary 
the REMO heralds the most significant decrease also to this area (Fig. 5). Therefore, the 
direction of change in this case is highly uncertain.
Consequently, it is almost impossible to tell whether the significance of early summer 
rain-fed floods will increase or decrease. If we take the average of the two models then 
rather insignificant changes can be expected.
Fig. 5. – page 117
Hot and dry summers
As it was mentioned earlier, the low water period starts sometime in July (Boga and 
Nováky 1986). From August discharges can be as low as 50 m3/s. The volume of water 
arriving to the lowland sections is primarily determined by the intensity of evaporation 
and the amount of precipitation supply on the catchment. Of course, human interven-
tions, such as water storage, can also be of great significance.
In this respect July–August temperatures are very important. Both models forecast 
an increase, being between 1.4 °C (REMO) and 3.0 °C (ALADIN), for the first model-
ling period (2021–2050). Concerning the second period (2071–2100) the increase can 
be even more significant, reaching 5.0 °C (REMO) or 5.5 °C (ALADIN) (Fig. 6). The 
expected temperature growth is fairly uniform on the catchment, however, according to 
the  ALADIN, warming will mostly affect the Gurghiu Mountains and the lowland areas, 
while the REMO predicts the most intensive increase on the middle part of the catchment 
(Fig. 6). Therefore, the spatial pattern for warming cannot be unambiguously determined.
In the meantime, there is a high chance for the decrease of summer precipitation 
as well. Regarding the average values for the entire catchment the ALADIN model 
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forecasts a 20 mm decrease for 2021–2050, while according to the REMO, catchment 
averages may not change (Fig. 7). However, both models agree that by 2071–2100 pre-
cipitation loss can be around 55 mm, affecting mostly the middle part of the catchment. 
The decrease can be less intensive in the western slopes of the Hargitha, Giurgeu and 
Gurghiu Mountains (Fig. 7).
Concerning the summer period, therefore, increasing evaporation and decreasing 
precipitation can be forecasted. This can lead to a significant reduction in average dis-
charges, which may result an increasing water shortage during the low water period 
starting from July–August.
Fig. 6. – page 119
Fig. 7. – page 120
Warmer autumns with hardly changing precipitation
Based on previous observations (Konecsny and Bálint 2007), usually the Septem-
ber–October period brings the lowest discharges on the Maros/Mureş (sometimes only 
30–40 m3/s). If catchment scale average temperature change is considered the two mod-
els are in good agreement (Fig. 8). For 2021–2050 both models forecast a temperature 
increase, being around 2–3 °C, while between 2071–2100 average warming can be as 
much as 4–5 °C. Concerning the spatial distribution of temperatures, warming might 
affect less the slopes of the Apuseni Mountains and the Gurghiu Mountains, but in 
the Transylvanian Basin and the Târnava Tableland temperature rise can be dramatic 
(Fig. 8).
Precipitation change is less obvious on the basis of the models, and catchment scale 
averages seem to stay more or less the same as the 1961–1990 reference values (Fig. 9). 
The calculated few mm changes are insignificant and they are within the error of the 
prediction.
The high correspondence of the two models suggests that there is going to be a signif-
icant warming in the early autumn period. In the meantime average precipitation values 
will hardly change, which can finally result a more intensive water loss through evapora-
tion. This can lead to the development of long drought periods along the Maros/Mureş.
Fig. 8. – page 121
Fig. 9. – page 122
Hydrological perspectives
Although we have seen that in certain cases the two models do not reinforce each other, 
there are some clearly recognisable tendencies in terms of future  climate. Warming 
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will be general both in spatial and temporal terms. However, lower lying closed areas, 
such as the Transylvanian Basin, can be more severely affected. It seems also clear that 
temperature rise will be the most significant in the summer–autumn period, though the 
REMO model forecasts significantly warmer winters as well. In the meantime, changes 
in precipitation are harder to predict. What seems obvious though is that the late sum-
mer period will face a significant precipitation decrease on the basis of average values. 
Changes in other seasons are less unambiguous.
If annual mean values are considered, a significant 1.4 °C (REMO) and 2.0 °C (ALA-
DIN) temperature increase can be predicted already for 2021–2050. Moreover, by 
2071–2100 overall warming can be 3.6 °C (ALADIN) and 3.8 °C (REMO) compared to 
the values of the 1961–1990 reference period (Fig. 10). Interestingly, annual precipita-
tion values show a slight increase for 2021–2050 in case of the ALADIN model, but for 
the 2071–2100 period both models forecast a significant, 20–50 mm decrease (Fig. 11). 
Taking into consideration that the average precipitation is between 600–1000 mm on 
the catchment, this means a 5–10% reduction in annual runoff. The decrease can be 
even more significant if increasing evaporation is accounted, but further modelling is 
necessary to explore these relationships.
Fig. 10. – page 123
Fig. 11. – page 124
Concerning the hydrological regime of the river we can expect a more uniform 
runoff during the winter, however, early spring snow melt can be more intensive. In 
the meantime early summer floods might be less significant. Therefore, the frequency 
and average magnitude of floods will slightly decrease, however, if conditions are suit-
able (high winter precipitation and fast snowmelt) extreme floods can of course occur. 
Although several climate-related studies emphasize the relevance of high-precipitation 
extremes (Szépszó et al. 2008), these will be characteristic mostly on the western half 
of the  Carpathian Basin (Horányi et al. 2009). Consequently, from a climatic aspect the 
hazards and conflicts related to floods and flood protection will not increase signifi-
cantly along the Maros/Mureş in the near future.
On the other hand, results show that summer and autumn low water extremes may 
be more frequent, and severe water shortage may occur along the lower section of the 
river from time to time. Moreover, as we have seen, total annual runoff will certainly 
decrease in the long run. According to Konecsny (2010), there are already periods with 
significant water deficit, meaning that the discharge is lower than the statistically deter-
mined average low water value. Thus, the main problems and conflicts related to the 
changing regime of the river will be related primarily to low water events. 
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Conclusions
In this section we presented calculations concerning the future climate of the 
Maros/Mureş catchment. We also outlined the tendency of expectable changes 
concerning the hydrological regime of the river. The most important conclusions 
are the following: 
•	 Due to increasing temperatures at winter the average snow reserve can decrease 
on several sub-catchments. Nevertheless, at higher altitudes greater reserves may 
develop, since models herald a slight increase in winter precipitation.
•	 Spring snowmelt can be faster in the upland catchment, thus in years when win-
ter precipitation is high the probability of extreme floods can increase. In general, 
however, the magnitude of floods is expected to decrease.
•	 Based on the models, considerable changes in the volume of early summer rain-
fed floods are not expected.
•	 For the summer and early autumn period dramatically increasing temperature 
and decreasing precipitation can be forecasted. This can lead to a significant 
reduction in average discharges.
•	 On a catchment scale mean annual temperature is expected to increase by 1.4-
2.0 °C and 3.6-3.8 °C in average by 2021–2050 and 2071–2100, respectively. Mean 
annual precipitation presumably will only slightly change by the first modelling 
period, however, for 2071–2100 the models forecast a significant, 20–50 mm 
decrease.
•	 Considering the above a 5–10% reduction can be expected in annual runoff, and 
the severity of droughts will certainly increase.
Consequently, the main problems and conflicts of the future will be related primar-
ily to low water events. Industrial, agricultural, ecological and recreational demands 
need to be harmonised as each of these will grow during the increasingly hot and 
dry summer period. All these problems call for a unified water management strat-
egy with a sustainable share of resources between the upstream and lowland sec-
tions of the river and also between the two neighbouring countries.
201
Irodalom / Bibliografie
Andó M. 1993. The geography of the 
Mures River. Acta Geographica Szege di-
en sis 31: 1–9.
Andó M. 2002. A Tisza vízrendszer 
hidrogeográfiája. SZTE Természeti Föld-
rajzi Tanszék, Szeged.
Bartholy J., Pongrácz R., Gelybó Gy., 
Szabó P. 2008. Analysis of expected 
climate change in the Carpathian Basin 
using the PRUDENCE results. Időjá-
rás Quarterly Journal of the Hungarian 
Meteorological Service 112: 249–264.
Boga L., Nováky B. 1986. Magyarország 
vizeinek műszaki-hidrológiai jellemzése: 
Maros. Vízgazdálkodási Intézet, Buda-
pest.
Cubasch U., Meehl G., Boer G., Stouffer 
R. , Dix M., Noda A., Senior C., Raper 
S., Yap K. 2001. Projections of Future 
Climate Change, In Climate Change 
2001: The Scientific Basis, J.T Houghton, 
Y. Ding, D.J. Griggs, M. Noguer, P.J. Van 
der Linden, X. Dai, K. Maskell, and C.A. 
Johnson (eds). Contribution of Working 
Group I to the Third Assessment Report 
of the Intergovernmental Panel.
Csoma J. 1975. A Maros hidrográfiája. 
In Vízrajzi Atlasz Sorozat 19 Maros. 
VITUKI, Budapest. 7–12.
Csorba P., Blanka V., Vass R., Nagy R., 
Mezősi G. 2012. Hazai tájak működésé-
nek veszélyeztetettsége új klímaváltozási 
előrejelzés alapján. Földrajzi Közlemények 
136/3: 237–253.
Dikau R., Schrott L. 1999. The tempo-
ral stability and activity of landslides in 
Europe with respect to climatic change 
(TESLEC): main objectives and results. 
Geomorphology 30: 1–12. 
Giorgi F. 1990. Simulation of regional 
climate using a limited area model nested 
in a general circulation model. Journal of 
Climatology 3: 941–963.
Giorgi F., Bates G., 1989. The Climatolog-
ical Skill of a Regional Model over Com-
plex Terrain. Monthly Weather Review 
117: 2325–2347.
Hawkins E., Sutton R., 2009. The poten-
tial to narrow uncertainty in regional cli-
mate predictions. Bulletin of American 
Meteorological Society 90: 1095–1107.
Horányi A., Csima G., Szabó P., Szépszó 
G. 2009. Regionális klímamodelle-
zés az Országos Meteorológiai Szol-
gálatnál. MTA előadás 2009.09.15. 
(http://www.met.hu/doc/tevekenyseg/
klimamodellezes/MTA-2009.09.15.pdf)
IPCC 2007. Climate Change 2007: 
The Physical Science Basis. Working 
Group I Contribution to the Fourth 
Assessment Report of the IPCC. Edi-
ted by S. Solomon, D. Qin, M. Manning, 
Z. Chen, M. Marquis, K.B. Averyt, M. 
Tignor, H.L. Miller. Intergovernmental 
202
Panel on Climate Change, Cambridge 
University Press, New York, p. 996 
(http://www.ipcc.ch)
Konecsny K. 2010: A kisvizek főbb sta-
tisztikai jellemzői a Maros folyó alsó sza-
kaszán. Hidrológiai Közlöny 90/1: 45–55.
Konecsny K., Bálint G. 2010. Low water 
related hydrological hazards along the 
lower Mureş/Maros river. In Riscuri şi 
catastrofe, Universitatea „Babeş-Bolyai”. 
Facultatea de Geografie. Laboratorul de 
riscuri şi hazarde. Casa Cărţii de Ştiinţă. 
Cluj-Napoca 8/6
van der Linden P., Mitchell J.F.B. (eds.) 
2009. ENSEMBLES: Climate Change 
and its Impacts: Summary of research 
and results from the ENSEMBLES pro-
ject. Met Office Hadley Centre, Exeter, 
UK. (http://ensembles-eu.metoffice.com/
docs/Ensembles_final_report_Nov09.pdf)
Szabó P., Horányi A., Krüzselyi I., Szépszó 
G. 2011. Az Országos Meteorológiai Szol-
gálat regionális klímamodellezési tevé-
kenysége: ALADIN-Climate és REMO. 
36. Meteorológiai Tudományos Napok 
beszámolókötete. Budapest, 87–101.
Szépszó G., Zsebeházi G. 2011. Az 
ENSEMBLES projekt regionális modell-
eredményeinek alkalmazhatósága 
Magyarország éghajlatának jellemzésére. 
36. Meteorológiai Tudományos Napok 
beszámolókötete. Budapest, 59–75.
Szépszó G., Bartholy J., Csima G., Horá-
nyi A., Hunyady A., Pieczka I., Pong-
rácz R., Torma Cs. 2008. Validation of 
different regional climate models over 
the Carpathian Basin. EMS8/ECAC7 
Abstracts 5, EMS2008–A–00645.
203
T he Maros/Mureş is our common heritage. It is has to be managed not just for the sake of industry and agriculture, but also for people living at the settlements along the river. Therefore, for the achievement of a  successful and sustainable manage-
ment the role and opinion of local societies is highly important.
As it was previously shown, the river has been exerted to large scale direct and indi-
rect human interventions with positive and also negative outcomes. The most current 
problems from a geographical and hydrological aspect are related to changes in channel 
dynamics due to significant sand and gravel extraction and decreasing water supply as 
a result of climate change. These problems are already altering the appearance and the 
environment of the river and will determine how it will look like in the future.
The main questions in the last phase of the research were: what environmental con-
flicts do people realise on the two sides of the border? Is the Maros/Mureş important in 
this respect? How do local people use and perceive the river? And finally, what are the 
key expectations in terms of utilisation and management?
Methods
In order to develop a complex view on the attitude and expectations of people con-
cerning their environment and the Maros/Mureş river, several activities were organised 
during the project. Among these the most important was a social survey in October 
2011, during which more than 1000 people, living at towns and villages located along 
the river, were questioned on the issues mentioned above. Besides, workshops and 
meetings were held at various locations, where the scientific results were introduced for 
locals and stake holders and participants were asked about their ideas and opinion on 
the river and its future.
Before performing the survey itself, orienteering interviews were made, during 
which some residents of Apátfalva, Makó and Lipova were asked on the environmental 
issues of their settlement. These interviews also provided an opportunity to test the 
Social Expectations 
György Sipos, Attila Rácz, Mircea Ardelean, Petru Urdea, Orsolya Katona,  
Borbála Sümeghy, János Rakonczai
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preliminary questions of the survey. The results of this qualitative analysis provided 
the base for the generation of the questions applied in the direct, quantitative phase of 
the research. This procedure increased the reliability of the survey, as our preliminary 
expectations concerning the possible opinion of the people could be tested and filtered.
In its final form the questionnaire contained 32 questions. Most of them were closed-
ended, i.e. the respondents could choose from predefined answers. However, there were 
also some open-ended questions, where respondents could articulate comprehensive 
ideas and opinions. The average time of completing an interview was 10–15 minutes.
Fig. 1. – page 133
The investigation was made with the participation of university students who were 
already experienced in social surveys. They formed groups of two, consisting of one 
Hungarian and one Romanian interviewer (Fig. 1). In all 22 groups were participat-
ing in the survey, which was carried out at the following locations: Sâmbâteni, Cicir, 
 Mândruloc, Arad, Pecica, Semlac, Magyarcsanád, Apátfalva, Makó, Kiszombor and 
Maroslele (Fig. 2).
The number of required interviews at a given settlement was determined on the basis 
of settlement’s weight concerning the total population of the region. This way the most 
questionnaires: 345 and 230 were planned for Arad and Makó, while the least: 20 and 25 
for Magyarcsanád and Sâmbâteni. In all, 1062 surveys were completed finally.
The survey was made using the random walking method, meaning that the inter-
viewers were allowed to ask anybody within a previously set zone. The delineation of 
interview zones also prevented the repeated questioning of respondents (Fig. 3).
Fig. 2. – page 134
The overall methodology of the research was both qualitative and quantitative. As Letenyei 
(2004) emphasizes the two approaches can and should be combined in social researches, 
as certain issues can only be evaluated on the basis of expert oriented interviews, while the 
overall representatitvity can only be reached by alienating ourselves from the respondents 
and using statistical methods (Bryman 2001).
During social surveys representativity is a key issue for increasing the reliability of the 
investigation, however, reliability does not automatically mean that the results are valid at the 
same time. By definition the accuracy of the survey is measured by its reproducibility, i.e. the 
possible difference between the results of repeated data acquisition (Babbie 2003, Firebaugh 
2008). Validity on the other hand means whether the answers and results received for the 
research questions are relevant or not (Babbie 2003, Firebaugh 2008). This highly depends 
on good question formulation, and that responders understand the questions and provide 
meaningful answers (Letenyei and Rácz 2011). Reliability in general can be increased by ran-
dom sampling and larger samples (Neuman 2006). In case of the present research the typical 
ways of random sampling (from phone books or municipal records) were not possible to 
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use at the given resources and time. Representativity and reliability was partly ensured by 
questioning a large sample (0.2 % of population at Arad, 1.0 % at Makó and 1.2 % at other set-
tlements) and by designating separate interview zones at each settlement either to cover the 
entire settlement, or to represent each of the urban geographical districts (Fig. 3). The valid-
ity of the surveys was based on preliminary interviews and the local experience of experts 
studying the geographical and environmental problems along the river for a long time. The 
combination of qualitative and quantitative techniques provided thus the means of a reliable 
and valid.
The questionnaire was mostly made up of closed-ended nominal, ordinal and multi 
optional questions. Warm up questions were related to the major challenges of the settle-
ment and values worth of protection. In the second set of questions respondents were asked 
about environmental issues in general, then about problems related to the Maros/Mureş 
itself. Subsequently, the relationship of locals to the river was explored, i.e. how frequent and 
what for they visit it. Finally, their preference concerning future management and mitiga-
tion of problems was investigated. The interview was closed by entering some of the social 
parameters (age, gender, education, occupation) of the respondent.
Fig. 3. – page 136
Results
Evaluation of settlements and their environment
The first questions of the survey were related to the general state of the settlement and 
its environment and the importance of environmental issues in comparison with other, 
mostly social and economic problems. 
We found that 73% of the responders do like the settlement where they live, however, 
there were great differences in terms of the two countries. Interestingly, nearly 81% of 
Romanians were very satisfied, while only 63% of Hungarians felt the same. This can 
probably be related to the west-east economic division of both countries (Arad County 
is part of the western developed region of Romania, while Csongrád is among the less 
developed terriotories of Hungary), making Romanians a little more satisfied. Differ-
ences in terms of settlement type were not clear. Although Arad and Pecica scored 
3.78 and 3.68 on a scale of 4, the largest value was reached at Maroslele: 3.80. In the 
meantime, the least favoured settlements were Magyarcsanád (3.15), Makó (3.33) and 
Cicir (3.33).
The general state of the settlement could be evaluated on a 5 point rating scale. In 
this respect the results were even more striking. A significant break was experienced in 
values, i.e. Hungarian citizens evaluated the state of their settlement in average to 3.50, 
while in Romania this value was 3.85 (Fig. 4).
Fig. 4. – page 137
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Based on these answers, we expected that Romanians will be positively biased in 
terms of the state of environment as well. However, this was not the case, since on a 
5 point scale they environment scored 3.39 while in Hungary it reached 3.66 (Fig. 5). 
According to locals, environmental conditions (water, air, soil, nature) are the best 
around  Kiszombor (3.98), Mândruloc (3.89) and Maroslele (3.88), while the worst val-
ues were reported not surprisingly from Arad (3.26) (the largest, most industrialised 
settlement), though Magyarcsanád (3.26) and Sâmbâteni (3.38) were represented also at 
the lower end of the list (Fig. 5).
We attempted to evaluate the above results on the basis of sociological parameters 
(gender, age, education) as well, but in general no significant relationships were realised, 
the only exception was that the state of environment was evaluated worse by people 
having a university diploma.
Fig. 5. – page 138
The first group of questions was finished by asking people on the greatest problems of 
the future. Responders could answer freely, and surveyors marked the most appropriate 
point from a predefined list, composed on the basis of the orienteering interviews. As 
expected, the greatest issue on both sides of the border was unemployment. The second 
greatest problem, municipal waste water was mostly appointed at villages (Kiszombor, 
Mândruloc, Cicir). The third most important issue was however environmental dete-
rioration (Fig. 6). In all, 7.3% of the responders thought that this can be a great problem 
in the future. Mostly the residents of Cicir, Sâmbâteni and Mândruloc were concerned 
of environmental problems. There is a great difference, however, between Romanian 
(11.4%) and Hungarian (3.1%) values, partly biased by the results of Arad (13.9%) (Fig. 7).
Fig. 6. – page 139
Fig. 7. – page 140
Environmental problems along the Maros/Mureş
The following questions were already focusing on the Maros/Mureş. The river was 
ranked to be the 2nd and 3rd most important natural value at Hungarian and Roma-
nian settlements, respectively (Fig. 8). The first place was taken by forests in Romania 
and by clean air in Hungary. It is noteworthy that in case of Arad the importance of 
forests (40%) outscored clean air (27%), which we expected anyway to be on the first 
place. People mentioned the Maros/Mureş in the first place at the highest rate in Makó 
(33%), Apátfalva (31%), Mândruloc (29%) and Arad (28%) (Fig. 8). The Maros/Mureş 
was preferred the most by respondents with a university or college degree, as 32% of 
them considered the river as the most important natural value in the area. In terms of 
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people of secondary and primary educational background these values were 25% and 
19%, respectively. Those who visit the Maros/Mureş regularly (73% of respondents) 
were more concerned of the river (27%) and forests (34%), than those who, not. The 
later group voted mostly for clean air (46%).
The next question was open-ended, and inquired about the last environmental prob-
lem the responder had met. In all 25% of the people reported something in relation with 
the river. The settlements where Maros/Mureş related answers were the most frequent 
were Arad (33%), Mândruloc (60%) and interestingly Apátfalva (47%). Responders at 
Mândruloc emphasized the destruction of the river bank by mining, while at Apátfalva 
people were mostly concerned of pollution and the state of forests along the river.
Fig. 8. – page 141
Finally, respondents were asked to select 3 environmental problems from a list of 
7 which affect the Maros/Mureş the most. On both sides of the border solid-waste dis-
posal was considered to be the most important issue (Fig. 9). This is understandable, 
as plastic bottles drifting on the river and heaps of garbage on the floodplain are well 
visible and understandable problems for everybody (Fig. 10). Based on the results, how-
ever, the problem of solid wastes is more apparent along the Romanian section. If set-
tlements are taken then the people of Apátfalva (91% of respondents), Semlac (86%) and 
Mândruloc (83%) are the most aware of this problem.
The second and third places were taken by industrial and sewage water contami-
nation (Fig. 9). Although water quality has improved considerably through the years 
(PMBH Mureş 2009), the Maros/Mureş has still got a quite bad reputation among locals 
in this respect. Sewage water was highlighted by the greatest number of respondents 
in Arad (71%) and Pecica (69%), while industrial pollution was mostly emphasized in 
Arad (50%) and Apátfalva (50%). Interestingly, with the exception of the residents of 
Arad, Romanian respondents were significantly less worried of industrial pollution, 
than their Hungarian counterparts. During preliminary interviews we also realised that 
 Hungarians say that water quality problems are mostly related to Romanian industry.
Tree logging seems to be a significant issue on both sides of the border (Fig. 9), how-
ever, Hungarians assume it a slightly greater problem, which is interesting if we consider 
that Romanian respondents were much more concerned about the state of forests in an 
earlier question. A possible reason can be that at settlements, such as Cicir, hardly any 
forests remained by now.
According to Romanian people (35%), gravel and sand mining proved to be the 
fourth most important environmental problem affecting the river (Fig. 11). Not surpris-
ingly, residents of Cicir (93%) and Sambateni (92%) were very much concerned, though 
one-third of respondents at Arad were also emphasizing this issue.
In all, we can see that locals are usually aware of the problems in relation with the 
Maros/Mureş. However, they are mostly concerned of those things which are apparent 
at their settlements and they are unaware of overall processes along the river.
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Fig. 9. – page 143
Fig. 10. – page 144
Fig. 11. – page 144
Relationship to the river
The third block of questions was aiming to explore the relationship of locals to the 
Maros/Mureş. From those surveyed 73% claimed that they visit the river regularly. 
There is a slight but not very significant difference between genders in this respect, as 
78% of men and 68% of women answered yes for this question. A much more significant 
dependence was found in terms of the educational level of respondents. Only 49% of 
people with primary education visit the river regularly, while in terms of those having 
secondary and tertiary levels this proportion grows to 75% and 89%, respectively. This 
observation can be explained by various factors, e.g. differences in the overall mobility, 
economic situation and age of the respondents. However, we did not expect such a strong 
relationship in this respect. Concerning the spatial differences we found that on the 
Romanian side 81%, while on the Hungarian side only 63% of people visit the river from 
time to time (Fig. 12). This value is partly biased by Arad, as the river flows through the 
city. However, if we exclude the results of Arad, Romanian values are still higher (70%).
Visiting the river seems to have a clear relationship with the physical distance and 
the accessibility of the riverside from the settlement. It is noteworthy, however, that for 
example at Kiszombor only 41% of respondents visit the river, while in case of Maros-
lele, situated much farther from the river, this value is 66%. The result received at Makó 
(68%) was also lower than expected, since here the accessibility is fairly good and various 
recreational facilities are available on the riverside (Fig. 12). However, the most impor-
tant thing is that more than two-third of local people is related in some ways to the 
river, thus their needs and expectations have to be considered during river management.
Fig. 12. – page 146
Those who visit the river regularly were also asked for what purpose they do this. 
Respondents could choose from several options (Fig. 13). The most frequently marked 
activities, regardless of location, age, gender and educational level was walking on the 
riverside, fishing, and bathing in the river (Fig. 13). In Romania 89%, in Hungary 80% of 
respondents who visit the river go there with the purpose to take a walk. The difference 
is not significant and caused mainly by the results of Arad (93%). Around one-fourth 
of the people visiting the Maros/Mureş do fishing and angling (Fig. 14). The third most 
popular activity was bathing. In this respect Hungarian results were significantly higher, 
which is probably due to the availability of more facilities along the Hungarian section. 
Similar differences were found in case of water sports and agricultural activity, referring 
to a more diverse use of the river on the Hungarian side (Fig. 14).
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Fig. 13. – page 146
Fig. 14 – page 147
Changes and expectations
In the final part of the survey people were asked to evaluate the changes experienced by 
them and the attitude and expectations of local communities in terms of future devel-
opments. In all 59% of respondents reported that the state of the river is changing. The 
answers varied only in relation with the nationality of respondents, namely 67% of Hun-
garians and 54% of Romanians observed a change. In terms of the direction of change 
(positive or negative) results were very similar on both side of the border. In all 70% of 
respondents realising a change reported negative processes. The distribution of answers 
was only affected by settlement type, namely positive change was marked a little more 
frequently by urban residents (33%), than people living in  villages (22%). The reason 
behind the difference might be that people living in Arad, Makó or Pecica can experi-
ence more developments next to the river.
Respondents were also asked what information circulate on the river in their com-
munity. Most of the answers were related to increasing pollution and decreasing water 
levels as the most widely known and believed changes. Positive answers were mostly 
referring to riverside developments in Makó and Arad.
We also asked locals whether their community respects the river and its natural val-
ues or not. The evaluation was made on a 4 point rating scale. Only slight differences 
were found between the two countries, as average values were 2.49 and 2.69 in Roma-
nia and Hungary, respectively. Therefore, on a community level people suggest that the 
river is slightly more valued in Hungary than in Romania. In terms of different settle-
ments we did not find significant variability either. The lowest settlement averages were 
measured at Arad (2.41) and Mândruloc (2.42), while the highest at Kiszombor (2.97) 
and Magyarcsanád (2.75). It is noteworthy that the average result among people who 
do not visit the Maros/Mureş regularly was 2.73, while among those who have a more 
direct relationship to the river it was 2.53, suggesting that the later group is more pes-
simistic or more sensitive concerning the state of the river and its  environment. 
As the local use of the river is greatly determined by the state of the riverside we 
asked the opinion of people how well the riverside is managed at their settlement, and 
what impression it makes for them. The evaluation was made again on a 4 point rat-
ing scale. In this respect a significant difference was found between the two countries: 
Romanian and Hungarian settlements scored in average 2.17 and 2.90, respectively 
(Fig. 15). In Romania the worst results were received at Cicir (1.33) and Mândruloc 
(1.66), while the conditions at Arad (2.28) and Pecica (2.15) seem to be better (Fig. 15). 
Thus, great scale mining and the destruction of natural values are striking for locals too. 
On the other side of the border settlement averages were significantly higher. Villages 
where the riverside is unmanaged scored around 2.5, while Makó earned an outstanding 
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3.05 (Fig. 15), which is definitely due to the recreational developments (adventure park) 
made lately on the riverside. 
Fig. 15. – page 150
We found that there are significant differences in how many people are interested 
in environmental issues on the two sides of the border. On a 3 point scale Romanian 
citizens (reaching 2.45) proved to be much more concerned, than their Hungarian 
counterparts (2.15). We assume that this is because in Romania and especially along the 
Maros/Mureş environmental deterioration is more advanced and obvious. This was also 
proved by another question, inquiring on the severity of environmental pollution on a 
local level. On a 4 point scale Romanians considered the problem more severe (3.19), 
than Hungarians (2.86).
The final question of the survey aimed to explore the opinion of people on the 
acceptable degree of human intervention on the Maros/Mureş. Answers were not influ-
enced by the gender, age or educational level of respondents, however, there were some 
remarkable differences between the two countries. In average 17% of respondents said 
that no intervention should be allowed on the river, but in this respect the  Hungarian 
value (22%) was significantly higher than the Romanian (12%) (Fig. 16). The refusal of 
interventions was the highest at Apátfalva (27%), Semlac (26%) and Makó (25%).
The greatest difference was observed, however, in terms of interventions related to 
tourism. It is striking that Hungarian respondents (26%) seemed to be much less sup-
portive in this respect, than Romanian (51%) people (Fig. 16). Based on the difference 
we assume that Hungarians are either pessimistic in terms of developments, or they are 
not aware of the river’s touristic potential. On the other hand Romanian residents prob-
ably see an important opportunity in developments or simply they think that any soft 
interventions related to tourism would help to improve the deteriorated environment of 
the river.
Fig. 16. – page 152
Not surprisingly, flood protection was the most supported type of possible interven-
tions (60%), and it was equally accepted on both sides of the border (Fig. 16). Neverthe-
less, we expected higher values in this case. A possible explanation for lower support 
can be that according to a previous question only 56% and 44% of respondents are afraid 
of the floods of the Maros/Mureş in Hungary and Romania, respectively. This result 
is especially interesting in case of Hungarian settlements, which are more endangered 
(most of the Romanian settlements surveyed are situated well above the flood level of 
the river), and suggests that the memory of the 1970 catastrophic flood is fading.
Hard interventions were less favoured by local people, though Romanian resi-
dents were significantly more supportive. 25% of them said that interventions related 
to the improvement of river navigation (dredging, constructions of stone structures) 
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are acceptable (Fig. 16), while in case of Hungarian residents this value was only 15%. 
Finally, in average only 11% of the respondents said that industrial interventions such as 
mining should be allowed in the future. In this respect the values measured in the two 
countries were less different (Fig. 16).
Conclusions
In this section we have introduced the results of our survey that was made in order to map 
local attitudes concerning the river, its environment and its future management. The main 
conclusions in brief are the following:
•	 Although Romanians were more satisfied with the general state of their settlement, than 
Hungarians, they seemed to be rather worried about the status of the environment.
•	 Based on local opinions, the deterioration of environment is a very significant issue in 
Romania. Hungarians reported fewer problems.
•	 As a consequence, Romanian people are more concerned of environmental issues and 
environmental protection.
•	 People are equally concerned of the state of the Maros/Mureş on both sides of the border. 
In Romania, however, the protection of forests seemed to be a more crucial issue for locals.
•	 The most visible and therefore the most frequently mentioned environmental problem is 
solid waste disposal.
•	 Although water quality has improved since the 1990s, the bad reputation of the river in 
this respect remained.
•	 A considerable proportion of people visit the river regularly, and the most popular activity 
is walking on the riverside.
•	 Riverside developments characterise mostly urban settlements, therefore, people in vil-
lages are less satisfied with the condition of the river.
•	 Respondents assumed that the Maros/Mureş and its natural values are respected slightly 
more by local communities in Hungary.
•	 On both sides of the border people see rather negative changes in the state of the river. 
Nevertheless, they are mostly concerned of things affecting their close environment.
•	 People are rather against the industrial utilisation of the Maros/Mureş, developments 
related to tourism were supported less than expected in Hungary and the most accepted 
interventions are related to flood protection.
In all we found that people living along the lowland section of the Maros/Mureş are a little 
pessimistic concerning the present and the future of the river. We assume, however, that there 
are certain misbeliefs on a community level in relation with the general problems affecting 
the river. Consequently, we think that the informing of people on apparent processes would 
be very important. This way they would accept future management decisions and activities 
more easily. As seemingly there is a considerable demand for the recreational use of the river, 
the supporting of riverside developments would be highly desirable. We assume that this way 
the relationship of local people to the river would be more direct, and the necessary improve-
ment of environmental conditions, especially in Romania, would attract more people to the 
Maros/Mureş in the future.
212
Irodalom / Bibliografie
Babbie E. 2003. A társadalomtudományi 
kutatás gyakorlata. Balassi Kiadó Buda-
pest: p. 704.
Bryman A. 2001. Methods of Sociological 
Research. Oxford University Press: p. 540.
Firebaugh G 2008. Seven Rules for Social 
Research. Princeton University Press: p. 
272.
Letenyei L. 2004. Településkutatás. A te-
lepülési és térségi tervezés társadalomtu-
dományos alapozása. L’Harmattan Kiadó 
Budapest: 147–185.
Letenyei L., Rácz A. 2011. Mintavétel 
terepmunka közben. In: Kurucz Erika 
(ed): Roma kutatások, 2010. Élethelyzetek 
a társadalom peremén. Nemzeti Család- 
és Szociálpolitikai Intézet, Budapest: pp. 
45–75.
Neuman W. L. 2006. ‚Social Research 
Methods: Qualitative and Quantitative 
Approaches. Allyn & Bacon: p. 458.
PMBH 2009. Planul de management al 
bazinului hidrografic Mureş. Administra-
ţia Naţională “Apele Române”, Adminis-
traţia Bazinală de Apă Mureş, Institutul 
Naţional de Hidrologie şi Gospodărirea 
Apelor, Bucureşti, vol. I: p. 308.
A Maros folyó múltja, jelene, jövője
Trecutul, prezentul, viitorul râului Mureş
Past, Present, Future of the Maros/Mureş Riverwww.huro-cbc.eu
The content of this publication does not necessarily represent the official position of the European Union.
Jelen kiadvány tartalma nem feltétlenül tükrözi az Európai Unió hivatalos álláspontját.
Conţinutul acestui publicaţie nu reprezintă în mod necesar poziţia oficială a Uniunii Europene.
